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1. 

THIN FILMITRANSISTOR 

TECHNICAL FIELD 

The present invention relates to a thin film transistor and a 
method for manufacturing the thin film transistor, and a semi 
conductor device and a display device using the thin film 
transistor. 

BACKGROUND ART 

As a kind of field-effect transistor, a thin film transistor in 
which a channel formation region is formed in a semiconduc 
tor layer formed over a Substrate having an insulating Surface 
is known. Techniques in which amorphous silicon, microc 
rystalline silicon, or polycrystalline silicon is used for the 
semiconductor layer used in the thin film transistor have been 
disclosed (Patent Documents 1 to 5). A typical application of 
a thin film transistor is a liquid crystal television device, and 
the thin film transistor has been put to the practical use as a 
Switching transistor for each pixel included in a display 
SCC. 

REFERENCE 

Patent Document 
Patent Document 1 Japanese Published Patent Application 
No. 2001-053283 

Patent Document 2 Japanese Published Patent Application 
No. HOS-1296.08 

Patent Document 3 Japanese Published Patent Application 
No. 2005-049832 

Patent Document 4 Japanese Published Patent Application 
No. HO7-131030 

Patent Document 5 Japanese Published Patent Application 
No. 2005-191546 

DISCLOSURE OF INVENTION 

A thin film transistor in which a channel formation region 
is formed using an amorphous silicon layer has problems 
such as low field-effect mobility and low on-current. On the 
other hand, a thin film transistorin which a channel formation 
region is formed using a microcrystalline silicon layer has a 
problem in that, whereas the field-effect mobility is higher 
than that of the thin film transistor in which a channel forma 
tion region is formed using an amorphous silicon layer, the 
off-current is high, and thus Sufficient Switching characteris 
tics cannot be obtained. 
A thin film transistor in which a channel formation region 

is formed using a polycrystalline silicon layer has character 
istics in that the field-effect mobility is far higher than those of 
the above-described two kinds of thin-film transistors, and 
high on-current can be obtained. Because of Such character 
istics, this thin film transistor can be used not only as a 
Switching transistor provided in a pixel but also in a driver 
circuit for which high-speed operation is required. 

However, the thin film transistor in which a channel for 
mation region is formed using a polycrystalline silicon layer 
requires a crystallization step for a semiconductor layer and 
has a problem of higher manufacturing cost, as compared to 
the thin film transistor in which a channel formation region is 
formed using an amorphous silicon layer. For example, a laser 
annealing technique involved in the process for forming a 
polycrystalline silicon layer has a problem in that large 
screen liquid crystal panels cannot be produced efficiently 
because the laser beam irradiation area is Small. 
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2 
A glass Substrate for manufacturing display panels has 

been grown in size from year to year as follows: the 3rd 
generation (550 mmx650 mm), the 3.5th generation (600 
mmx720 mm or 620 mmx750 mm), the 4th generation (680 
mmx880 mm or 730 mmx920 mm), the 5th generation (1100 
mmx 1300mm), the 6th generation (1500mmx 1850 mm), the 
7th generation (1870 mmx2200 mm), and the 8th generation 
(2200 mmx2400 mm). From now on, the size of the glass 
substrate is expected to grow to the 9th generation (2400 
mmx2800 mm or 2450 mmx3050 mm) and the 10th genera 
tion (2950 mmx3400 mm). The increase in size of the glass 
Substrate is based on the minimum-cost design concept. 

However, a technique that thin film transistors capable of 
high-speed operation can be manufactured over a large-area 
mother glass substrate such as the 10th generation (2950 
mmx3400 mm) motherglass substrate with high productivity 
has not been established yet, which is a problem in industry. 

In view of the foregoing, it is an object of an embodiment 
of the present invention to solve the aforementioned problems 
related to on-current and off-current of a thin film transistor. 

According to an embodiment of the present invention, a 
thin film transistor includes, as a buffer layer, a semiconduc 
tor layer including crystal regions in an amorphous structure 
between a gate insulating layer and source and drain regions, 
at least on the source and drain regions side. 

According to another embodiment of the present invention, 
a thin film transistor includes a gate insulating layer, a semi 
conductor layer in contact with the gate insulating layer, and 
a buffer layer between the semiconductor layer and source 
and drain regions. The buffer layer includes crystal regions in 
an amorphous structure. 

According to another embodiment of the present invention, 
a thin film transistor includes a gate insulating layer, a buffer 
layer which is in contact with the gate insulating layer, and 
Source and drain regions which are partly in contact with the 
buffer layer. The buffer layer includes crystal grains (also 
referred to as minute crystal grains) each having a diameter of 
at least 1 to 10 nm inclusive in an amorphous structure. 

According to another embodiment of the present invention, 
a thin film transistor includes a gate insulating layer covering 
a gate electrode; a semiconductor layer in contact with the 
gate insulating layer, and impurity semiconductor layers 
forming source and drain regions, which are in contact with 
part of the semiconductor layer. In the semiconductor layer, a 
microcrystalline semiconductor is formed on the gate insu 
lating layer side and crystal regions exist discretely in an 
amorphous structure on the impurity semiconductor layer 
side. 
The buffer layer is provided on a side opposite to the side in 

contact with the gate insulating layer, that is, on a so-called 
back channel side. 
The semiconductor layer including crystal regions in an 

amorphous structure contains nitrogen. The nitrogen concen 
tration at this time which is measured by secondary ion mass 
spectrometry is 1x10' to 1x10 cm, preferably 2x10 to 
1x10 cm, more preferably 3x10' to 1x10 cm. 

In addition, a peak region of a spectrum which is obtained 
by performing low-temperature photoluminescence spec 
troscopy on the semiconductor layer including crystal regions 
in an amorphous structure is 1.31 to 1.39 eV inclusive. 

In addition, in the semiconductor layer including crystal 
regions in an amorphous structure, the slope of a band tail of 
a band gap is steeper than that of an amorphous semiconduc 
tor, typically, amorphous silicon. Therefore, the bandgap gets 
wider, and tunneling current does not easily flow, as com 
pared to a conventional amorphous semiconductor layer. 
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The semiconductor layer including crystal regions in an 
amorphous structure is formed using, as a reaction gas, a gas 
in which a semiconductor source gas (e.g., a silicon hydride 
gas, a silicon fluoride gas, a silicon chloride gas, a germanium 
hydride gas, a germanium fluoridegas, a germanium chloride 
gas, or the like) and a dilution gas are mixed at a mixture ratio 
at which a microcrystalline semiconductor can be generated. 
The reaction gas is introduced to an ultrahigh vacuum reac 
tion chamber where an oxygen concentration is reduced, and 
a predetermined pressure is maintained therein to generate 
glow discharge plasma. Accordingly, a film is deposited over 
a Substrate which is placed in the reaction chamber. An impu 
rity element which hinders generation or growth of crystal 
nuclei is Supplied to the reaction chamber and the concentra 
tion of the impurity element is controlled, whereby conical or 
pyramidal crystal regions and/or minute crystal grains are 
formed as the crystal regions in the amorphous structure. 

During deposition of the film over the substrate, crystal 
nuclei are generated while controlling the concentration of 
the impurity element so as to reduce generation of crystal 
nuclei, and inverted conical or pyramidal crystal regions are 
formed using the crystal nuclei. In addition, during deposition 
of the film over the substrate, by controlling the concentration 
of the impurity element so as to Suppress generation of crystal 
nuclei, generation of crystal nuclei is Suppressed and minute 
crystal grains are formed. In the case where a base layer of the 
film is a semiconductor layer having crystallinity, an amor 
phous structure is deposited while crystal growth is reduced 
by controlling the concentration of the impurity element so as 
to reduce crystal growth, whereby regular conical or pyrami 
dal crystal regions are formed. 

It is preferable to use nitrogen or a nitride as the impurity 
element which reduces or Suppresses generation of crystal 
nuclei and crystal growth. 

In the semiconductor layer including crystal regions in an 
amorphous structure, by controlling the nitrogen concentra 
tion which is measured by secondary ion mass spectrometry 
to 3x10' to 1x10 cm, generation of crystal nuclei is 
controlled so as not to generate crystal nuclei, and thus, 
minute crystal grains are formed. 

In the semiconductor layer including crystal regions in an 
amorphous structure, by controlling the nitrogen concentra 
tion which is measured by secondary ion mass spectrometry 
to 1x10' to 1x10 cm inclusive, preferably 2x 10' to 
1x10 cm inclusive, crystal nuclei generation positions, 
from which the conical or pyramidal crystal regions start to 
grow, and crystal nuclei generation density are controlled, or 
growth of conical or pyramidal crystal regions is controlled. 
As a conical or pyramidal crystal region which is one form 

of a crystal region, in the case of a bottom gate thin film 
transistor, there is a conical or pyramidal crystal region (here 
inafter also referred to as a regular conical or pyramidal 
crystal region) whose width is narrowed from a gate insulat 
ing layer toward source and drain regions. In addition, there is 
an inverted conical or pyramidal crystal region which has 
grown from the interface between a gate insulating layer or a 
semiconductor layer in contact with the gate insulating layer 
and a semiconductor layer including crystal regions toward 
Source and drain regions in a Substantially radial manner. 
A “regular conical or pyramidal shape here refers to a 

three-dimensional shape which is constructed by (i) a base 
including a plurality of planes, and (ii) lines linking the 
periphery of the base and a vertex which is located outside the 
base, wherein the vertex exists between the base and source 
and drain regions. In other words, the “regular conical or 
pyramidal shape” refers to a shape obtained by reduction in 
width of a crystal region in a deposition direction of a semi 
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4 
conductor layer including crystal regions in an amorphous 
structure. When a semiconductor layer serving as a base of the 
semiconductor layer including crystal regions in an amor 
phous structure is a microcrystalline semiconductor layer or a 
crystalline semiconductor layer, by depositing the semicon 
ductor layer including crystal regions in an amorphous struc 
ture under the condition in which part of the crystal region 
grows with the semiconductor layer as a seed crystal, the 
crystal region grows so that its width is narrowed. 
An “inverted conical or pyramidal shape here refers to a 

three-dimensional shape which is constructed by (i) a base 
including a plurality of planes, and (ii) lines linking the 
periphery of the base and a vertex which is located outside the 
base, wherein the vertex exists between the base and a sub 
strate. In other words, the “inverted conical or pyramidal 
shape” refers to a shape obtained by the growth of a crystal 
region in a Substantially radial manner in a deposition direc 
tion of a semiconductor layer including crystal regions in an 
amorphous structure. Each of crystal nuclei generated dis 
cretely grows along its crystallographic direction during the 
formation of the film, so that the crystal regions grow from the 
crystal nuclei So as to spread in a direction of a plane perpen 
dicular to the deposition direction of the semiconductor layer 
including crystal regions in an amorphous structure. 

In addition, the conical or pyramidal crystal regions 
include a single crystal or a twin crystal. Further, the conical 
or pyramidal crystal regions exist discretely in the amorphous 
structure; thus, there are few crystal grain boundaries. Note 
that the “twin crystal' means that two different crystal grains 
are bonded to each other with highly favorable consistency at 
a crystal grain boundary. In other words, the “twin crystal 
has a structure in which crystal lattices are continuously 
arranged at a crystal grainboundary so that a trap level due to 
crystal defects or the like is difficult to be formed. Thus, it can 
be considered that a crystal grainboundary does not substan 
tially exist in a region having such a crystal structure. 
The minute crystal grain which is one form of the crystal 

region is a crystal grain having a diameter of 1 to 10 nm 
inclusive, preferably 1 to 5 nm inclusive. When a deposition 
Source gas contains nitrogen, generation of crystal nuclei can 
behindered, and minute crystal grains which do not become 
crystal nuclei can be formed. Further, a proportion of crystal 
line components is increased by increasing density of the 
minute crystal grains in the semiconductor layer. 

In the above manner, in the thin film transistor, the semi 
conductor layer including crystal regions in an amorphous 
structure is provided as the buffer layer between the channel 
formation region and the source and drain regions, whereby 
resistance of the buffer layer in a thickness direction of when 
Voltage is applied to the source region or the drain region can 
be lowered. In particular, by providing the semiconductor 
layer including crystal regions in an amorphous structure 
directly under the Source region and the drain region as the 
buffer layer, on-current of the thin film transistor can be 
increased as compared to a thin film transistor in which an 
amorphous semiconductor layer is provided between a gate 
insulating layer and source and drain regions. 

In addition, in the semiconductor layer including crystal 
regions in an amorphous structure, the slope of a band tail of 
a band gap is steeper, the band gap gets wider, and tunneling 
current does not easily flow, as compared to an amorphous 
semiconductor, typically, amorphous silicon. Accordingly, 
by providing the semiconductor layer including crystal 
regions in an amorphous structure as a buffer layer in a region 
where off-current flows, off-current can be reduced as com 
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pared to a thin film transistor in which a microcrystalline 
semiconductor is provided between a gate insulating layer 
and source and drain regions. 

Note that the concentration of an impurity element in sili 
con which reduces the coordination number of silicon and 
generates dangling bonds, such as oxygen, is reduced. That is, 
it is preferable that the oxygen concentration which is mea 
Sured by secondary ion mass spectrometry be less than or 
equal to 5x10" cm. 

Note that here, a concentration is measured by secondary 
ion mass spectrometry (SIMS) unless other measuring meth 
ods are mentioned. 

Note that on-current refers to current which flows between 
a source electrode and a drain electrode when a transistor is 
turned on. For example, in the case of an n-channel transistor, 
the on-current refers to current which flows between the 
Source electrode and the drain electrode when a gate Voltage 
of the transistor is higher than a threshold voltage thereof. 

Further, off-current is current which flows between a 
Source electrode and a drain electrode when a transistor is 
turned off. For example, in the case of an n-channel transistor, 
the off-current refers to current which flows between the 
Source electrode and the drain electrode when a gate Voltage 
of the transistor is lower than a threshold voltage thereof. 
As described above, as compared to a thin film transistorin 

which an amorphous semiconductor is included in a channel 
formation region, on-current of a thin film transistor can be 
increased. In addition, as compared to a thin film transistor in 
which a microcrystalline semiconductor is included in a 
channel formation region, off-current of a thin film transistor 
can be reduced. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1A and 1B are explanatory views of an example of a 
thin film transistor according to an embodiment of the present 
invention. 

FIGS. 2A to 2C are explanatory views of a semiconductor 
layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIGS. 3A to 3D are explanatory views of a semiconductor 
layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIGS. 4A to 4D are explanatory views of a semiconductor 
layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIG. 5 is an explanatory diagram of a semiconductor layer 
included in a thin film transistor according to an embodiment 
of the present invention. 

FIG. 6 is an explanatory diagram of a semiconductor layer 
included in a thin film transistor according to an embodiment 
of the present invention. 

FIG. 7 is an explanatory diagram of a semiconductor layer 
included in a thin film transistor according to an embodiment 
of the present invention. 

FIG. 8 is an explanatory diagram of a semiconductor layer 
included in a thin film transistor according to an embodiment 
of the present invention. 

FIG. 9 is an explanatory view of an example of a thin film 
transistor according to an embodiment of the present inven 
tion. 

FIGS. 10A and 10B are explanatory views of a semicon 
ductor layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIG. 11 is an explanatory view of an example of a thin film 
transistor according to an embodiment of the present inven 
tion. 
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FIGS. 12A to 12D are explanatory views of a semiconduc 

tor layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIGS. 13A to 13B-3 are explanatory views of a semicon 
ductor layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIGS. 14A and 14B are explanatory views of an example of 
a thin film transistor according to an embodiment of the 
present invention. 

FIGS. 15A to 15C are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIGS. 16A to 16C are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIGS. 17A and 17B are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIGS. 18A and 18B are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIG. 19 is an explanatory view of an apparatus applicable 
to a method for manufacturing a thin film transistor according 
to an embodiment of the present invention. 

FIG. 20 is an example of a timing chart of a method for 
manufacturing a thin film transistor according to an embodi 
ment of the present invention. 

FIG. 21 is an example of a timing chart of a method for 
manufacturing a thin film transistor according to an embodi 
ment of the present invention. 

FIG. 22 is an example of a timing chart of a method for 
manufacturing a thin film transistor according to an embodi 
ment of the present invention. 

FIG. 23 is an example of a timing chart of a method for 
manufacturing a thin film transistor according to an embodi 
ment of the present invention. 

FIG. 24 is an example of a timing chart of a method for 
manufacturing a thin film transistor according to an embodi 
ment of the present invention. 

FIG. 25 is an example of a timing chart of a method for 
manufacturing a thin film transistor according to an embodi 
ment of the present invention. 

FIGS. 26A and 26B are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIGS. 27A to 27C are explanatory views of an example of 
a method for manufacturing a thin Film transistor according 
to an embodiment of the present invention. 

FIGS. 28A to 28C are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIGS. 29A and 29B are explanatory views of an example of 
a method for manufacturing a thin film transistor according to 
an embodiment of the present invention. 

FIGS. 30A-1 to 30B-2 are explanatory views of multi-tone 
masks applicable to an embodiment of the present invention. 

FIGS. 31A to 31C are explanatory views of a display panel 
to which a thin film transistor according to an embodiment of 
the present invention can be applied. 

FIGS. 32A to 32D are explanatory views of an electronic 
device to which a thin film transistor according to an embodi 
ment of the present invention can be applied. 
FIG.33 is an explanatory view of an electronic device to 

which a thin film transistor according to an embodiment of the 
present invention can be applied. 
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FIGS. 34A to 34C are explanatory views of an electronic 
device to which a thin film transistor according to an embodi 
ment of the present invention can be applied. 

FIGS. 35A and 35B are explanatory views of a cross 
sectional structure of a thin film transistor manufactured in 
Example 1. 

FIGS. 36A and 36B are graphs showing electric character 
istics of a thin film transistor manufactured in Example 2. 

FIGS. 37A and 37B are graphs showing reliability of the 
thin film transistor manufactured in Example 2. 

FIGS. 38A and 38B are graphs showing electric character 
istics of a thin film transistor manufactured in Example 3. 

FIG. 39 is an explanatory view of a cross-sectional TEM 
image described in Example 4. 

FIG. 40 is an explanatory view of a cross-sectional TEM 
image described in Example 4. 

FIGS. 41A to 41H are explanatory views of a cross-sec 
tional TEM image described in Example 4. 

FIG. 42 is an explanatory view of a cross-sectional TEM 
image described in Example 4. 

FIGS. 43A and 43B are explanatory diagrams of an atomic 
orbital of a semiconductor layer. 

FIGS. 44A and 44B are explanatory diagrams of an atomic 
orbital of a semiconductor layer. 

FIGS. 45A and 45B are graphs showing electric character 
istics of a thin film transistor manufactured in Example 5. 

FIGS. 46A and 46B are graphs showing electric character 
istics of a thin film transistor manufactured in Comparative 
Example. 

FIG. 47 is a graph showing electric characteristics of a thin 
film transistor manufactured in Example 6. 

FIG. 48 is an explanatory diagram of a semiconductor layer 
included in a thin film transistor according to an embodiment 
of the present invention. 

FIGS. 49A to 49C are explanatory diagrams of a semicon 
ductor layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIG. 50 is a graph for explaining a semiconductor layer 
included in a thin film transistor according to an embodiment 
of the present invention. 

FIGS. 51A to 51D are explanatory diagrams of a semicon 
ductor layer included in a thin film transistor according to an 
embodiment of the present invention. 

FIGS. 52A and 52B3 are explanatory diagrams of a semi 
conductor layer included in a thin film transistor according to 
an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, embodiments will be described with reference 
to the drawings. Note that the present invention is not limited 
to the following description. It is easily understood by those 
skilled in the art that modes and details thereof can be vari 
ously changed unless departing from the spirit and the scope 
of the present invention. Therefore, the present invention 
should not be interpreted as being limited to the description of 
the embodiments to be given below. Note that as structures of 
the present invention are described with reference to the 
drawings, like portions are denoted by common reference 
numerals in different drawings. The same hatching pattern is 
applied to like portions, and the like portions are not espe 
cially denoted by reference numerals in Some cases. 

Embodiment 1 

In Embodiment 1, an example of a mode of a thin film 
transistor will be described with reference to the drawings. 
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8 
FIGS. 1A and 1B are cross-sectional views of a thin film 

transistor according to this embodiment. A thin film transistor 
illustrated in FIG. 1A includes a gate electrode layer 103 over 
a Substrate 101; a gate insulating layer 107 covering the gate 
electrode layer 103; a semiconductor layer 115 which is pro 
vided over and in contact with the gate insulating layer 107 
and serves as a channel formation region; a buffer layer 131 
over the semiconductor layer 115; and source and drain 
regions 129 which are provided over and in contact with part 
of the buffer layer 131. In addition, the thin film transistor 
includes a wiring layer 123 and a wiring layer 125 which are 
provided over and in contact with the source and drain regions 
129. The wiring layer 123 and the wiring layer 125 form a 
source electrode and a drain electrode. Further, each layer is 
patterned into a desired shape. In this embodiment, the buffer 
layer 131 is formed using a semiconductor layer including 
crystal regions in an amorphous structure. 
As illustrated in FIG. 1B, in the semiconductor layer 115, 

a region 171 which overlaps with the gate electrode layer 103 
and is provided on the gate insulating layer 107 side serves as 
a channel. Further, in the buffer layer 131, a region 172 which 
is provided on a side opposite to the gate insulating layer 107 
and is not in contact with the source and drain regions 129 
serves as a back channel. Further, in the buffer layer 131, a 
region 173 on a side which is in contact with the drain region 
becomes a depletion layer. Further, a region 174 where the 
buffer layer 131 and the source or drain region is in contact 
with each other is a bond region. 
As the substrate 101, in addition to a glass substrate and a 

ceramic substrate, a plastic substrate or the like with heat 
resistance which can withstand a process temperature in this 
manufacturing process can be used. In the case where the 
Substrate does not need a light-transmitting property, a Sub 
strate obtained by providing an insulating layer on a Surface 
of a substrate of a metal Such as a stainless steel alloy may be 
used. As a glass Substrate, for example, an alkali-free glass 
Substrate of barium borosilicate glass, aluminoborosilicate 
glass, aluminosilicate glass, or the like may be used. 
The gate electrode layer 103 can beformed as a single layer 

or a stacked layer using a metal material Such as molybde 
num, titanium, chromium, tantalum, tungsten, aluminum, 
copper, neodymium, or scandium or an alloy material which 
contains any of these materials as its main component. In 
addition, a semiconductor layer typified by polycrystalline 
silicon doped with an impurity element such as phosphorus, 
or an AgPdCu alloy may be used. 

For example, as a two-layer structure of the gate electrode 
layer 103, a two-layer structure in which a molybdenum layer 
is stacked over an aluminum layer, a two-layer structure in 
which a molybdenum layer is stacked over a copper layer, a 
two-layer structure in which a titanium nitride layer or a 
tantalum nitride layer is stacked over a copper layer, or a 
two-layer structure in which a titanium nitride layer and a 
molybdenum layer are stacked is preferable. As a three-layer 
structure, a structure in which a tungsten layer or a tungsten 
nitride layer, a layer of an alloy of aluminum and silicon oran 
alloy of aluminum and titanium, and a titanium nitride layer 
or a titanium layer are stacked is preferable. When a metal 
layer serving as a barrier layer is stacked over a layer with low 
electric resistance, a metal element can be prevented from 
diffusing from the layer with low electric resistance into the 
semiconductor layer. 
The gate insulating layer 107 can be formed as a single 

layer or a stacked layer using any of a silicon oxide layer, a 
silicon nitride layer, a silicon oxynitride layer, and a silicon 
nitride oxide layer by a CVD method, a sputtering method, or 
the like. By forming the gate insulating layer 107 using a 
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silicon oxynitride layer, in the case of forming a microcrys 
talline semiconductor layer as the semiconductor layer 115, 
fluctuation in threshold voltage of the thin film transistor can 
be reduced. 

Note that in this specification, silicon oxynitride contains 
more oxygen than nitrogen and, in the case where measure 
ments are performed using Rutherford backscattering spec 
trometry (RBS) and hydrogen forward scattering (HFS), con 
tains oxygen, nitrogen, silicon, and hydrogen at 
concentrations ranging from 50 to 70 at.%, 0.5 to 15 at.%, 25 
to 35 at. '%, and 0.1 to 10 at.%, respectively. Further, silicon 
nitride oxide contains more nitrogen than oxygen and, in the 
case where measurements are performed using RBS and 
HFS, contains oxygen, nitrogen, silicon, and hydrogen at 
concentrations ranging from 5 to 30 at.%. 20 to 55 at.%, 25 
to 35 at. 96, and 10 to 30 at. 96, respectively. Note that per 
centages of nitrogen, oxygen, silicon, and hydrogen fall 
within the ranges given above, where the total number of 
atoms contained in the silicon oxynitride or the silicon nitride 
oxide is defined as 100 at. 96. 
The semiconductor layer 115 is formed using a microcrys 

talline semiconductor layer, an amorphous semiconductor 
layer, or a semiconductor layer including crystal regions in an 
amorphous structure. As a microcrystalline semiconductor 
layer, anamorphous semiconductor layer, or a semiconductor 
layer including crystal regions in an amorphous structure, 
silicon, germanium, or silicon germanium can be used. Note 
that phosphorus imparting n-type conductivity or boron 
imparting p-type conductivity may be added to the semicon 
ductor layer 115. A metal element which reacts with silicon to 
form a silicide. Such as titanium, Zirconium, hafnium, Vana 
dium, niobium, tantalum, chromium, molybdenum, tungsten, 
cobalt, nickel, or platinum, may also be added to the semi 
conductor layer 115. When phosphorus imparting n-type con 
ductivity, boron imparting p-type conductivity, a metal ele 
ment which reacts with silicon to form a silicide, or the like is 
added to the semiconductor layer 115, the carrier mobility of 
the semiconductor layer can be increased. Thus, the field 
effect mobility of a thin film transistor in which the above 
semiconductor layer serves as a channel formation region can 
be increased. The thickness of the semiconductor layer 115 is 
preferably 3 to 100 nm, more preferably 5 to 50 nm. 
A microcrystalline semiconductor layer is a layer includ 

ing a semiconductor having an intermediate structure 
between amorphousand crystalline (including single crystal 
and polycrystalline) structures. A microcrystalline semicon 
ductor is a semiconductor having a third State that is stable in 
terms of free energy and a crystalline semiconductor having 
short-range order and lattice distortion, in which columnar or 
needle-like crystals 115a having a crystal grain diameter of 2 
to 200 nm inclusive, preferably 10 to 80 nm inclusive, more 
preferably 20 to 50 nm inclusive have grown in a direction 
normal to the Substrate Surface. Therefore, a crystal grain 
boundary 115b is formed at the interface between the colum 
nar or needle-like crystals 115a. Further, an amorphous struc 
ture 115c exists between the columnar or needle-like crystals 
115a (FIG. 2A). 

Further, the concentrations of oxygen and nitrogen con 
tained in the microcrystalline semiconductor layer, which are 
measured by secondary ion mass spectrometry, are preferably 
less than 1x10" atoms/cm. 

In addition, in the microcrystalline semiconductor layer, an 
amorphous layer 115d may beformed at the interface with the 
gate insulating layer 107, and the columnar or needle-like 
crystals 115a may be formed thereover (FIG. 2B). 

Further alternatively, as illustrated in FIG. 2C, the colum 
nar or needle-like crystals 115a may beformed on the surface 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
of the gate insulating layer 107 without an amorphous struc 
ture at the interface between the gate insulating layer 107 and 
the semiconductor layer 115. When an amorphous structure 
does not exist at the interface between the gate insulating 
layer 107 and the semiconductor layer 115, carriers flow in 
the columnar or needle-like crystals 115a with high crystal 
linity; therefore, on-current and field-effect mobility of the 
thin film transistor can be increased. 

Microcrystalline silicon, which is a typical example of a 
microcrystalline semiconductor, has a Raman spectrum 
which is shifted to a lower wave number side than 520 cm 
that represents single crystal silicon. That is, the peak of the 
Raman spectrum of the microcrystalline silicon exists 
between 520 cm which represents single crystal silicon and 
480 cm which represents amorphous silicon. The microc 
rystalline semiconductor contains hydrogen or halogen of at 
least 1 at. 96 to terminate a dangling bond. Moreover, a rare 
gas element Such as helium, argon, krypton, or neon may be 
contained to further promote lattice distortion, so that stabil 
ity of the structure of minute crystals is enhanced and a 
favorable microcrystalline semiconductor can be obtained. 
Such a microcrystalline semiconductor is disclosed in, for 
example, U.S. Pat. No. 4,409,134. 

FIGS. 3A to 3D each illustrate a structure of the buffer 
layer 131, which is one of major features of this embodiment. 
The buffer layer 131 includes crystal regions in an amorphous 
structure. The crystal regions are conical or pyramidal crystal 
regions and/or minute crystal grains. In addition, the crystal 
regions are dispersed, that is, exist discretely. The thickness of 
the buffer layer 131 is preferably 50 to 350 nm, more prefer 
ably 120 to 250 nm. 

In the buffer layer 131, a nitrogen concentration which is 
measured by secondary ion mass spectrometry is 1x10' to 
1x10 cm, preferably 2x10' to 1x10 cm, more pref 
erably 3x10° to 1x10 cm. 
A peak region of a spectrum obtained by performing low 

temperature photoluminescence spectroscopy on the buffer 
layer 131 is 1.31 to 1.39 eV inclusive. Note that a peak region 
of a spectrum obtained by performing low-temperature pho 
toluminescence spectroscopy on a microcrystalline semicon 
ductor layer, typically a microcrystalline silicon layer is 0.98 
to 1.02 eV inclusive. Therefore, the semiconductor layer 
including crystal regions in an amorphous structure is differ 
ent from a microcrystalline semiconductor layer. 
As the shapes of the conical or pyramidal crystal regions, 

there are a conical or pyramidal shape (inverted conical or 
pyramidal shape) in which the crystal region grows in a Sub 
stantially radial manner from the interface between the semi 
conductor layer 115 and the buffer layer 131 in a deposition 
direction of the buffer layer 131, and a conical or pyramidal 
shape (regular conical or pyramidal shape) in which the width 
of the crystal region is narrowed from the interface between 
the semiconductor layer 115 and the buffer layer 131 in a 
deposition direction of the buffer layer 131. 

First, the inverted conical or pyramidal shape will be 
described with reference to FIGS 3A to 3D. 
As illustrated in FIG. 3A, in the buffer layer 131, crystal 

regions 131a are dispersed, that is, exist discretely, in an 
amorphous structure 131b. 

Each of the crystal regions 131a illustrated in FIGS. 3A to 
3D has an inverted conical or pyramidal shape. The “inverted 
conical or pyramidal shape' here refers to a three-dimen 
sional shape which is constructed by (i) a base including a 
plurality of planes, and (ii) lines linking the periphery of the 
base and a vertex which is located outside the base, wherein 
the vertex exists between the base and the substrate 101. In 
other words, the “inverted conical or pyramidal shape” refers 
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to a shape obtained by the growth of the crystal region in a 
substantially radial manner in the deposition direction of the 
buffer layer 131. Each of crystal nuclei generated discretely 
grows along its crystallographic direction during the forma 
tion of the buffer layer, so that the crystal regions grow from 
the crystal nuclei So as to spread in a direction of a plane 
perpendicular to the deposition direction of the buffer layer 
131. Further, the crystal regions 131a include a single crystal 
or a twin crystal. 
One mode of the crystal region included in the buffer layer 

is illustrated in FIG.3B-1. A crystal region 131d is formed so 
that the vertex thereof is in contact with the semiconductor 
layer 115 and grows continuously in a deposition direction of 
the buffer layer. 

Such a crystal region can be formed in Such a manner that 
the nitrogen concentration at the early stage of the deposition 
of the buffer layer is set to be 1x10' to 1x10 cm inclusive, 
preferably 2x10' to 1x10 cm inclusive and decreased 
gradually in the deposition direction. When the buffer layer 
contains nitrogen at a concentration in the above range, the 
height of the crystal region can be controlled, and variation in 
heights of the crystal regions can be reduced. As a result, 
variation in characteristics of a plurality of thin film transis 
tors can be reduced. 

Another mode of the crystal region included in the buffer 
layer is illustrated in FIG. 3B-2. A crystal region 131e is 
formed so that the vertex thereof is formed with a given 
distance from the semiconductor layer 115 without being in 
contact with the semiconductor layer 115 and grows continu 
ously in the deposition direction of the buffer layer. 

Such a crystal region can be formed in such a manner that 
the nitrogen concentration at the early stage of the deposition 
of the buffer layer is set to be 3x10' to 1x10 cm inclusive 
and decreased gradually in the deposition direction. 

Another mode of the crystal region included in the buffer 
layer is illustrated in FIG. 3B-3. A crystal region 131f is 
formed so that the vertex thereof is in contact with the semi 
conductor layer 115, and the growth of the crystal region 131f 
stops at a given point in the deposition direction of the buffer 
layer. The amorphous structure is formed on the crystal region 
131f. 

Such a crystal region can be formed in Such a manner that 
the nitrogen concentration at the early stage of the deposition 
of the buffer layer is set to be 1x10' to 1x10 cm inclusive, 
preferably 2x10' to 1x10 cm inclusive and decreased 
gradually in the deposition direction to grow the crystal 
regions and then increased to 3x10' to 1x10 cm inclu 
S1V. 

Note that the vertex of the crystal region is in contact with 
the semiconductor layer 115 in FIG. 3B-3; however, under a 
condition similar to that of FIG.3B-2, a crystal region can be 
obtained in which the vertex of the crystal region is not in 
contact with the semiconductor layer 115 and the growth of 
the crystal region stops at a given point in the deposition 
direction. 

Another mode of the crystal region included in the buffer 
layer is illustrated in FIG. 3B-4. A structure 131g can be 
obtained in which a plurality of inverted conical or pyramidal 
crystal regions are stacked in the deposition direction. 

Such a crystal region can be formed in Such a manner that 
the nitrogen concentration at the early stage of the deposition 
of the buffer layer is set to be 1x10' to 1x10 cm inclusive, 
preferably 2x10' to 1x10 cm inclusive and decreased 
gradually in the deposition direction to grow the crystal 
region, and then increased to 3x10' to 1x10 cm inclusive 
and then decreased again. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Note that the vertex of the crystal region is in contact with 

the semiconductor layer 115 in FIG. 3B-4; however, under a 
condition similar to that of FIG. 3B-2, a structure can be 
obtained in which the vertex of the crystal region is not in 
contact with the semiconductor layer 115. 

Note that the crystal regions 131a and 131d to 131g contain 
nitrogen. In some cases, the crystal regions 131a and 131d to 
131g contain an NH group or an NH group. In addition, the 
amorphous structure 131b contains nitrogen. In some cases, 
the amorphous structure 131b contains an NH group or an 
NH group. 

In addition, the buffer layer 131 has a mode in which 
minute crystal grains 131c are dispersed in the amorphous 
structure 131b as illustrated in FIG. 3C. The minute crystal 
grain 131c is a crystal grain having a minute size which 
cannot be a crystal nucleus for the crystal region. The size of 
the minute crystal grain 131c is typically 1 to 10 nm inclusive, 
preferably 1 to 5 nm inclusive. The minute crystal grain can be 
formed by controlling the nitrogen concentration in the buffer 
layer 131. A large amount of nitrogen is likely to be segre 
gated on the outer side of the minute crystal grain, that is, on 
the side which is in contact with the amorphous structure 
131b. Therefore, a large amount of nitrogen, preferably an 
NH group or an NH group exists at the interface between the 
minute crystal grain 131c and the amorphous structure 131b 
in some cases. 

Note that the minute crystal grains 131c may be dispersed 
in the buffer layer 131. Alternatively, the minute crystal grains 
131c may be aggregated in the buffer layer 131. Further 
alternatively, the dispersed minute crystal grains 131c and the 
aggregated minute crystal grains 131c may both exist. 

In addition, as illustrated in FIG. 3D, the buffer layer 131 
has a mode in which the crystal regions 131a and the minute 
crystal grains 131c are dispersed in the amorphous structure 
131b. 
Note that the minute crystal grain 131c contains nitrogen. 

In some cases, the minute crystal grain 131c contains an NH 
group or an NH group. 

Next, a crystal region having the regular conical or pyra 
midal shape will be described with reference to FIGS. 4A to 
4D. 
As illustrated in FIG. 4A, the buffer layer 131 including 

regular conical or pyramidal crystal regions 131h in an amor 
phous structure 131b is formed over the semiconductor layer 
115. In the buffer layer 131, the crystal regions 131 h are 
dispersed, that is, exist discretely, in the amorphous structure 
131b. 

Each of the crystal regions 131h illustrated in FIGS. 4A to 
4D has a regular conical or pyramidal shape. The “regular 
conical or pyramidal shape' here refers to a three-dimen 
sional shape which is constructed by (i) a base including a 
plurality of planes, and (ii) lines linking the periphery of the 
base and a vertex which is located outside the base, wherein 
the vertex exists between the base and the source and drain 
regions 129. In other words, the “regular conical or pyramidal 
shape” refers to a shape obtained by reduction in width of the 
crystal region in the deposition direction of the buffer layer 
131. When the semiconductor layer 115 is a microcrystalline 
semiconductor layer or a crystalline semiconductor layer, by 
depositing the buffer layer 131 under the condition in which 
part of the crystal region grows with the semiconductor layer 
115 as a seed crystal, the crystal region 131h grows so that its 
width is narrowed. In FIGS. 4A to 4C, the semiconductor 
layer 115 and the crystal regions 131 h are illustrated to be in 
contact with each other as denoted by dashed lines, but part of 
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the semiconductor layer 115 grows to be the crystal region 
131h. Further, the crystal regions 131h include a single crys 
tal or a twin crystal. 
One mode of the crystal region included in the buffer layer 

is illustrated in FIG. 4A. The bottom of the crystal region 
131h is in contact with the semiconductor layer 115 and the 
vertex of the crystal region 131 his in the amorphous structure 
131b. 

Such a crystal region can be formed in Such a manner that 
the nitrogen concentration during the deposition of the buffer 
layer is set to be 1x10' to 1x10 cm inclusive, preferably 
2x10 to 1x10 cm inclusive. 

Another mode of the crystal region included in the buffer 
layer is illustrated in FIG. 4B. The vertex of a crystal region 
131i is in contact with the source region or the drain region 
129. In such a case, it is preferable that the proportion of the 
crystal regions 131i below in the amorphous structure 131b. 
Accordingly, off-current of the thin film transistor can be 
reduced. 

Such a crystal region can be formed in Such a manner that 
the nitrogen concentration during the deposition of the buffer 
layer is set to be preferably 1x10' to 1x10 cm inclusive, 
more preferably 2x10' to 1x10 cm inclusive. 

Note that the crystal regions 131 h and 131i contain nitro 
gen. In some cases, the crystal regions 131 h and 131i contain 
an NH group or an NH group. In addition, the amorphous 
structure 131b contains nitrogen. In some cases, the amor 
phous structure 131b contains an NH group or an NH group. 

Another mode of the crystal region included in the buffer 
layer is illustrated in FIG. 4C. The crystal regions 131h or the 
crystal regions 131i and minute crystal grains 131c are dis 
persed in the amorphous structure 131b. 

With any of the above structures, resistance of the buffer 
layer 131 in a vertical direction of when voltage is applied to 
the source region or the drain region, that is, resistance 
between the semiconductor layer and the Source region or the 
drain region, can be reduced, whereby on-current of the thin 
film transistor can be increased. In particular, by providing 
the semiconductor layer including crystal regions in an amor 
phous structure as the buffer layer directly under the source 
region and the drain region, on-current of the thin film tran 
sistor can be increased. 

In addition, in FIGS. 4A to 4C, the interface between the 
semiconductor layer 115 and the buffer layer 131 is formed 
with the crystal regions 131h and the amorphous structure 
131b. However, when the semiconductor layer 115 is a micro 
crystalline semiconductor layer, the interface between the 
semiconductor layer 115 and the buffer layer 131 is a crystal 
region in Some cases as illustrated in FIG. 4D. This is because, 
when the buffer layer 131 is formed, the microcrystalline 
semiconductor layer which is the semiconductor layer 115 
serves as a seed crystal So that the crystal regions grow at the 
early stage of the deposition of the buffer layer 131, whereby 
the crystal regions grow at the entire Surface of the semicon 
ductor layer 115. After that, the crystallinity is gradually 
controlled, and a crystal region 131j which has a regular 
conical or pyramidal shape is formed. 

In this case, the crystal region 131j contains nitrogen. In 
Some cases, the crystal region 131j contains an NH group or 
an NH group. In addition, the amorphous structure 131b 
contains nitrogen. In some cases, the amorphous structure 
131b contains an NH group or an NH group. 
Note that in FIGS. 4A to 4D, the distance from the interface 

between the gate insulating layer 107 and the semiconductor 
layer 115 to the vertex of the crystal regions 131h to 131j is 
preferably 3 to 410 nm, more preferably 20 to 100 nm. As an 
impurity element which reduces or Suppresses generation of 
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crystal nuclei, oxygen and nitrogen can be given, and an 
impurity element (e.g., nitrogen) in silicon which does not 
trap carriers is selected. On the other hand, the concentration 
of an impurity element (e.g., oxygen) which reduces the 
coordination number of silicon and generates dangling bonds 
is reduced. Therefore it is preferable to reduce the oxygen 
concentration without reducing the nitrogen concentration. 
Specifically, it is preferable that the oxygen concentration 
which is measured by secondary ion mass spectrometry be 
less than or equal to 5x10" cm. 

Further, it is preferable that the nitrogen concentration be a 
concentration at which the buffer layer maintains a semicon 
ductor property, dangling bonds are reduced, and carrier 
mobility is increased. When the nitrogen concentration is too 
high, a semiconductor property is lowered, resulting in 
increase in insulating property, and thus on-current is 
reduced. In addition, when the nitrogen concentration is too 
low, similarly to a conventional amorphous semiconductor 
layer, the carrier mobility is not increased and the defect 
levels of the buffer layer are increased. 
As described above, the conical or pyramidal crystal 

regions exist discretely. Control of density of crystal nucle 
ation is necessary So that the crystal regions exist discretely. 
Control of the nitrogen concentration enables the density of 
crystal nucleation in the crystal regions to be controlled and 
enables the crystal regions to exist discretely. In addition, 
since the crystal regions exist discretely in a direction of the 
Source and drain regions in the buffer layer, that is, in the 
channel length direction, off-current can be reduced. In par 
ticular, since the crystal regions exist discretely in the buffer 
layer in the channel length direction between the source 
region and the drain region, off-current can be reduced. 
As the Source and drain regions 129, a semiconductor layer 

to which an impurity element imparting one conductivity type 
is added (hereinafter referred to as an impurity semiconductor 
layer) is formed. In the case of forming an n-channel thin film 
transistor, phosphorus may be used as an impurity element 
imparting one conductivity type. The thin film transistor is 
typically formed using amorphous silicon or microcrystalline 
silicon which contains phosphorus. In the case of forming a 
p-channel thin film transistor, boron may be used as an impu 
rity element imparting one conductivity type. The thin film 
transistor is formed typically using amorphous silicon or 
microcrystalline silicon which contains boron. 
By setting the concentration of an impurity element 

imparting one conductivity type, here, phosphorus or boron, 
to 1x10' to 1x10 cm, an ohmic contact with the wiring 
layers 123 and 125 can be obtained, and the impurity semi 
conductor layer serves as the source and drain regions. 
The source and drain regions 129 are formed to have a 

thickness of 10 to 100 nm inclusive, preferably, 30 to 50 nm 
inclusive. When the thickness of the source and drain regions 
129 is made Small, throughput can be increased. 
The wiring layers 123 and 125 can be formed as a single 

layer or a stacked layer using any of aluminum, copper, tita 
nium, neodymium, Scandium, molybdenum, chromium, tan 
talum, tungsten, and the like. An aluminum alloy to which an 
element to prevent a hillock is added (e.g., an aluminum 
neodymium alloy which can be used for the gate electrode 
layer 103) may also be used. Alternatively, crystalline silicon 
to which an impurity element serving as a donoris added may 
be used. The wiring layers 123 and 125 may have a stacked 
layer structure in which a layer on the side which is in contact 
with the crystalline silicon to which an impurity element 
serving as a donor is added is formed using titanium, tanta 
lum, molybdenum, tungsten, or a nitride of any of these 
elements and aluminum or an aluminum alloy is formed 
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thereover. Alternatively, another stacked-layer structure may 
be employed in which an upper Surface and a lower Surface of 
a layer of aluminum or an aluminum alloy are sandwiched 
between titanium, tantalum, molybdenum, tungsten, or a 
nitride of any of these elements. For example, the wiring 
layers 123 and 125 preferably have a three-layer structure in 
which an aluminum layer is sandwiched between molybde 
num layers. 

According to this embodiment, as compared to a thin film 
transistor in which an amorphous semiconductor is included 
in a channel formation region, on-current of a thin film tran 
sistor can be increased. In addition, as compared to a thin film 
transistor in which a microcrystalline semiconductor is 
included in a channel formation region, off-current of a thin 
film transistor can be reduced. 
Now, the semiconductor layer including crystal regions in 

an amorphous structure, which is one of major features of the 
present invention, will be described. 
The semiconductor layer including crystal regions in an 

amorphous structure contains an NH group with which dan 
gling bonds of a Si atom are cross-linked in Some cases. 
Alternatively, the semiconductor layer including crystal 
regions in an amorphous structure contains an NH group 
with which dangling bonds of a Si atom are terminated in 
Some cases. These cases are described below. 
A conventional amorphous semiconductor has no con 

stantly repeated patterns in the structure like a crystal lattice. 
Therefore, many dangling bonds are included and regions 
including the dangling bonds become defects. The regions are 
portions where carriers are trapped, and the carrier mobility is 
reduced. However, in the semiconductor layer including crys 
tal regions in an amorphous structure described in this 
embodiment, the dangling bonds are cross-linked with an NH 
group, or dangling bonds of a Siatom are terminated with an 
NH group, so that the number of dangling bonds is reduced 
in the semiconductor layer including crystal regions in an 
amorphous structure, in some cases. That is, defect levels are 
reduced. Further, when dangling bonds are cross-linked with 
an NH group, the bonding portion can be a carrier path, and 
thus carrier mobility is increased as compared to a conven 
tional amorphous semiconductor layer. As a result, in the case 
ofusing the semiconductor layer including crystal regions in 
an amorphous structure as the buffer layer of the thin film 
transistor, on-current and field-effect mobility of the thin film 
transistor can be increased and off-current thereof can be 
reduced. 

Note that “dangling bonds of a Siatom in a semiconductor 
layer are cross-linked with an NH group” means that different 
bonds of the NH group are used for bonding with different 
semiconductor elements in the semiconductor layer. There 
fore, a first bond of an Natom is used for bonding with an H 
atom, a second bond of the Natom is used for bonding with a 
first semiconductor atom, and a third bond of the Natom is 
used for bonding with a second semiconductor atom. In addi 
tion, "dangling bonds of a Si atom in a semiconductor layer 
are terminated with an NH group” means that an NH group 
is bonded to the Si atom in the semiconductor layer. There 
fore, the first bond and the second bond of the Natomare used 
for bonding with different H atoms and the third bond of the 
Natom is used for bonding with a Si atom. 
A model is described below. In the model, when an NH 

group is coupled to a dangling bond of a silicon atom outside 
the above-mentioned conical or pyramidal crystal region, i.e., 
at the interface between the conical or pyramidal crystal 
region and the amorphous structure (e.g., the interface 
between the crystal region 131a and the amorphous structure 
131b illustrated in FIG. 3A), outside the minute crystal grain, 
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i.e., at the interface between the minute crystal grain and the 
amorphous structure (e.g., the interface between the minute 
crystal grain 131c and the amorphous structure 131b illus 
trated in FIG.3C), at the grainboundary of the minute crystal 
grains (e.g., the interface between the minute crystal grains 
131c illustrated in FIG. 3C), at the interface between the 
semiconductor layer and the buffer layer (e.g., the interface 
between the semiconductor layer 115 and the buffer layer 131 
illustrated in FIG. 3A), at the interface between the crystal 
regions included in the buffer layer (e.g., a crystal grain 
boundary 131 killustrated in FIG. 4D), and the like, defect 
levels disappear, and carriers easily flow. 

Simulation of LUMO (lowest unoccupied molecular 
orbital) of a silicon layer, which is a level at which n-type 
carriers transfer (that is, the lowest level in a conduction 
band), is performed in each of a model (model 1) in which one 
pair of dangling bonds are cross-linked with an O atom 193 in 
a silicon layer having a crystal grain boundary 192 in which 
dangling bonds of a Si atom are terminated with H atoms 
191a as illustrated in FIG. 5, and a model (model 2) in which 
one pair of dangling bonds are cross-linked with an NH group 
194 in a silicon layer having a crystal grain boundary 192 in 
which dangling bonds of a Si atom are terminated with H 
atoms 191a as illustrated in FIG. 6. As software for the simu 
lation, first principle calculation Software employing a den 
sity functional theory is used. Note that the NH group 194 is 
indicated by a nitrogenatom 195 and hydrogenatoms 191b in 
FIG. 6. Further, an intersection of lines indicates a silicon 
atom and the line indicates a bond or a dangling bond of the 
silicon atom. Further, in order to evaluate effectiveness of the 
oxygen atom and the NH group, the dangling bonds other 
than the dangling bond cross-linked with the oxygenatom or 
the NH group are all terminated with the hydrogen atoms. 

FIG. 7 illustrates a calculation result obtained by using the 
model 1 and FIG. 8 illustrates a calculation result obtained by 
using the model 2. 

FIG. 7 illustrates a shape of a wave function at a region 
where dangling bonds of the Siatom are cross-linked with the 
O atom and in the periphery of the region. A wave function 
196 and a wave function 197 indicate regions whose phases 
are positive and negative, respectively (or negative and posi 
tive, respectively) and whose absolute values are the same. 
FIG. 8 illustrates a shape of a wavefunctionata region where 
dangling bonds of the Si atom are cross-linked with the NH 
group and in the periphery of the region. A wavefunction 198 
and a wave function 199 indicate regions whose phases are 
positive and negative, respectively (or negative and positive, 
respectively) and whose absolute values are the same. 

FIG. 7 shows that in the case where the dangling bonds of 
the Si atoms are cross-linked with the O atom, since regions 
whose absolute values and whose phases of the wavefunction 
are the same (for example, wavefunctions 196a and 196b) are 
separated, carriers do not easily flow. That is, when the silicon 
layer contains oxygen, a bonding which interrupts carrier 
transfer is formed, whereby the carrier mobility of the silicon 
layer is reduced. 
On the other hand, FIG. 8 shows that in the case where the 

dangling bonds of the Siatoms are cross-linked with the NH 
group, since the region 198 with the same absolute value and 
the same phase of the wave function between different Si 
atoms is connected to both the adjacent dangling bonds, car 
riers are likely to flow. That is, when the silicon layer contains 
the NH group, a bonding which facilitates the carrier transfer 
is formed in the dangling bonds, whereby the carrier mobility 
of the silicon layer is increased. Accordingly, it is considered 
that the mobility of the thin film transistor is improved. Note 
that as density of the minute crystal grains is increased, crys 
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tallinity of the semiconductor layer is increased; however, the 
crystal grain boundaries interrupting carrier transfer are also 
increased. However, when the silicon layer contains the NH 
group, and the dangling bonds of the Si atoms are cross 
linked, the bonding becomes a path for carriers at the crystal 
grain boundary, whereby the carrier transfer is not inter 
rupted. 

Accordingly, in the buffer layer, by controlling the nitrogen 
concentration, preferably by inclusion of the NH group, dan 
gling bonds at the interface between the crystal region and the 
amorphous structure, at the interface between the minute 
crystal grain and the amorphous structure, at the interface 
between the minute crystal grains, at the interface between 
the semiconductor layer and the buffer layer, and at the crystal 
grain boundary of the crystal regions included in the buffer 
layer, and the like are cross-linked with nitrogen or the NH 
group, whereby the defect levels in the buffer layer can be 
reduced. With the cross-linking, a bonding through which 
carriers can transfer is formed. In addition, since density of 
nuclei for the inverted conical or pyramidal crystal regions 
can be controlled by controlling the nitrogen concentration, 
the semiconductor layer can be formed, in which the inverted 
conical or pyramidal crystal regions exist discretely. Also, 
since the crystal growth can be controlled by controlling the 
nitrogen concentration, the semiconductor layer including 
regular conical or pyramidal crystal regions can be formed. 
Further, by increasing the density of the minute crystal grains, 
crystallinity of the buffer layer can be improved. Accordingly, 
the carrier mobility of the buffer layer can be improved. 

Further, by reducing the oxygen concentration in the semi 
conductor layer and the buffer layer, a bonding which inter 
rupts carrier transfer can be reduced in the defects at the 
interface between the crystal region and the amorphous struc 
ture at the interface between the minute crystal grain and the 
amorphous structure, at the interface between the minute 
crystal grains, at the interface between the semiconductor 
layer and the buffer layer, at the crystal grainboundary of the 
crystal regions included in the buffer layer, or at the crystal 
grain boundary included in the semiconductor layer. 

In this manner, by reducing the oxygen concentration, con 
trolling the nitrogen concentration, and further inclusion of 
the NH group in the semiconductor layer, dangling bonds at 
the interface between the crystal region and the amorphous 
structure, at the interface between the minute crystal grain 
and the amorphous structure, at the interface between the 
minute crystal grains, at the interface between the semicon 
ductor layer and the buffer layer, at the crystal grainboundary 
of the crystal regions included in the buffer layer, or the like 
are reduced. Therefore, as compared to a thin film transistorin 
which an amorphous semiconductor layer is provided 
between a gate insulating layer and source and drain regions, 
on-current and field-effect mobility can be increased. Further, 
as compared to a thin film transistor in which a microcrystal 
line semiconductor layer is provided between a gate insulat 
ing layer and Source and drain regions, off-current can be 
reduced. 
A space between the adjacent crystal regions is filled with 

the amorphous structure, that is, the crystal regions exist 
discretely and are not in contact with adjacent crystal regions. 
With such a structure, resistance of the buffer layer in a 
vertical direction of when voltage is applied to the source 
region or the drain region, that is, resistance between the 
semiconductor layer and the source region or the drain region, 
can be reduced, whereby on-current of the thin film transistor 
can be increased. 

In addition, since the drain withstand voltage of the thin 
film transistor is relieved by using the semiconductor layer 
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including crystal regions in an amorphous structure for the 
buffer layer, deterioration of the thin film transistor can be 
reduced. Further, in the case of forming, using a microcrys 
talline semiconductor layer, the semiconductor layer which is 
in contact with the gate insulating layer, a semiconductor 
layer including crystal regions in an amorphous structure is 
used for the buffer layer, and the microcrystalline semicon 
ductor layer and the buffer layer are formed successively, 
whereby the interface between the microcrystalline semicon 
ductor and the amorphous structure in the microcrystalline 
semiconductor layer can be prevented from being oxidized, 
and thus the carrier mobility of the microcrystalline semicon 
ductor layer can be increased. 

Another mode of the semiconductor layer including crystal 
regions in an amorphous structure will be described below. 
Here, the case where the semiconductor layer including crys 
tal regions in an amorphous structure contains an NH group 
will be described. 

In order to examine the mechanism of off-current reduction 
in a model in which dangling bonds of a Siatom were termi 
nated with an NH group, a defect level and bond energy were 
simulated using first principle calculation. As software for the 
simulation, CASTEP (software of first principle calculation) 
produced by Accelrys Software Inc. was used. 
(Defect Level) 

First, a defect level is described. Here, it was considered 
that off-current was mainly caused due to Shockley-Read 
Hall current. According to Shockley-Read-Hall mechanism, 
the recombination probability U of carriers is expressed by 
the following equation (1). 

pin - n Equation 1 
U = Ovi, N. 

(n + p) + 2ncoshit - E. ) p kT 

In the above equation, a denotes a capture cross-section for 
an electron and a hole, V., denotes thermal velocity of a 
carrier, N, denotes trap density, E, denotes a trap level, E, 
denotes intrinsic Fermi energy, n, denotes intrinsic carrier 
density, p denotes p-type carrier density, and n denotes n-type 
carrier density. -U means generation probability of carriers. 

In the case of pn->n, carriers are recombined with a prob 
ability U, and in the case of pn-n, carriers are generated with 
a probability -U. It is considered that when a device is turned 
off, since a channel region is a depletion layer, carries are 
generated with a probability -U, which causes off-current. 
According to the equation (1), when N, is large or E, has a 
value close to that of E. generation probability of carriers is 
increased. Since the defect level acts as a trap level, off 
current can be reduced by correcting the defect and decreas 
ing N. 

Then, a defect level of a Si crystal having a defect 483 as 
illustrated in FIG. 48 and correction thereof were calculated. 
Specifically, an atomic configuration of each of a defect struc 
ture, an H-termination structure in which a defect is termi 
nated with an H atom, and an NH2-termination structure in 
which a defect is terminated with an NH group was opti 
mized with first principle calculation, and density of states of 
electrons of each structure was calculated. GGA-PBE was 
used for a functional and an ultrasoft type was used for 
pseudopotential. 
The structures after optimization are illustrated in FIGS. 

49A, 49B, and 49C. FIG. 49A illustrates the defect structure, 
FIG. 49B illustrates the H-termination structure, and FIG. 
49C illustrates the NH-termination structure. In FIG. 49A, 
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since there are dangling bonds, atomic positions around the 
defect change largely for a structure which is stable in energy. 

FIG.50 shows density of states of electrons. A dashed line 
491 denotes density of states of electrons in the defect struc 
ture, a narrow solid line 493 denotes density of states of 5 
electrons in the H-termination structure, and a wide solid line 
495 denotes density of states of electrons in the NH-termi 
nation structure. An origin on energy is Fermi energy. 
As denoted by the dashed line 491 in FIG.50, it is found 

that, in the defect structure, a defect level is formed in a band 
gap at energy of about 0 to 1 eV. However, as denoted by the 
narrow solid line 493 and the wide solid line 495, the defect 
levels disappear in the H-termination structure and the NH 
termination structure, and the defects are corrected. 

That is, in the NH2-termination structure, since the defects 
are corrected, trap levels due to the defects disappear, so that 
it can be said that off-current is reduced by the equation (1). 
(Bond Energy) 

Next, bond energy is described. According to FIG.50, it 
was found that the defect levels were reduced in the NH 
termination structure. However, the bond is necessary to be 
strong so that a state in which the defect levels are reduced is 
stably maintained also when a thin film transistor is driven 
and the thin film transistor is not deteriorated. Thus, bond 
energy of the NH2-termination structure was calculated and 
stability of the bond in the NH2-termination structure was 
compared with stability of bond in the H-termination struc 
ture. 

Bond energy of termination with H in the H-termination 
structure illustrated in FIG. 49B can be calculated by an 
equation (2). 

(Bond energy of termination with H)=(Energy in the 
optimized structure obtained by removing one H 
atom from the H-termination structure(FIG. 
51A))+(Energy of Si:H(FIG. 51B))-(Energy of 
the H-termination structure(FIG. 51C))-(Energy 
of Si crystal(FIG. 51D)) (2) 

Si:Hindicates a state where an Hatom exists between Si 
crystal lattices. In addition, the Sum of Siatoms and H atoms 
in an initial state (FIG.51A and FIG.51B) corresponds to that 
in a final state (FIG. 51C and FIG. 51D). 
As for bond energy of H in the NH2-termination and bond 

energy of NH in the NH-termination, a structure in which H 
or NH exists between lattices of a Si crystal is employed as a 
state in which a bond is removed. 
Bond energy of termination with H in the NH2-termination 

structure illustrated in FIG. 49C can be calculated by an 
equation (3). 

(Bond energy of termination with H)=(Energy in the 
optimized structure obtained by removing one H 
atom from the NH2-termination structure)+(En 
ergy of Si:H)-(Energy of the NH2 termination 
structure)-(Energy of Si crystal) (3) 

Bond energy of termination with NH in the NH-termina 
tion structure illustrated in FIG. 49C can be calculated by an 
equation (4). 

(Bond energy of termination with NH2)=(Energy in 
the optimized structure obtained by removing 
one NH2 from the NH2-termination structure)+ 
(Energy of Si:NH2)-(Energy of the NH2 termina 
tion structure)-(Energy of Si crystal) (4) 

Si:NH indicates a state where an NH group exists 
between Si crystal lattices. 

Each structure of terms in the equations (2) to (4) was 
determined by structure optimization with respect to atomic 
configuration, and energy was calculated. In a similar manner 
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to the above (defect level) simulation, GGA-PBE was used 
for a functional and an ultrasoft type was used for pseudopo 
tential. 

FIGS. 52A and 52B Show the calculation results of bond 
energy along with schematic diagrams of the structures. FIG. 
52A illustrates the H-termination structure in which a dan 
gling bond of Si is terminated with H, and FIG.52B illustrates 
the NH2-termination structure in which a dangling bond of Si 
is terminated with NH. Si-H bond energy of the H-termi 
nation structure is 2.90 eV. Further, Si N bond energy of the 
NH2-termination structure is 5.37 eV and N—H bond energy 
is 3.69 eV. Two bond energies of the NH group (Si N bond 
energy and N—H bond energy) are larger than Si-H bond 
energy with which a dangling bond of Si is terminated with 
the H atom and the NH2-termination structure can be said to 
be a stable structure. Therefore, it is found that when dangling 
bonds of a silicon layer are terminated with an NH group, the 
NH group bonded to Si or the H atom bonded to N is not 
easily dissociated, and defects are not easily generated. 

According to the above (defect level) and the above (bond 
energy), it is found that defect levels are reduced in the silicon 
layer by termination of dangling bonds of the Siatom with the 
NH group and off-current can be reduced. Further, it is found 
that since the NH group bonded to Si has a more stable 
structure than the H atom bonded to Si, a thin film transistor 
having the silicon layer is not easily deteriorated by driving. 
In other words, a semiconductor layer containing an NH 
group is used as the semiconductor layer including crystal 
regions in an amorphous structure which is used as the buffer 
layer, whereby off-current of the thin film transistor can be 
reduced. 

Embodiment 2 

In Embodiment 2, modes which can be used for the semi 
conductor layer 115 in the thin film transistor described in 
Embodiment 1 will be described with reference to FIG.9 and 
FIGS. 10A and 10B. 

In a thin film transistor described in this embodiment, 
dispersed microcrystalline semiconductor particles or a net 
like microcrystalline semiconductor 118 are/is formed over 
the gate insulating layer 107 (FIG. 9). 

Dispersed microcrystalline semiconductor particles 118a 
illustrated in FIG. 10A or a net-like microcrystalline semi 
conductor 118b illustrated in FIG. 10B can be formed using 
silicon, silicon germanium (SiGe 0.5<x<1) that contains 
more silicon than germanium, or the like. As viewed from 
above, each of the dispersed microcrystalline semiconductor 
particles 118a has a circular shape as illustrated in FIG. 10A 
and a cross section thereof has a hemispherical shape as 
illustrated in FIG. 9. When the diameter of the dispersed 
microcrystalline semiconductor particles viewed from above 
is set at 1 to 30 nm and the density thereof is set at less than 
1x10"/cm, preferably less than 1x10'/cm, the dispersed 
microcrystalline semiconductor particles can be formed by 
only deposition. 
The diameter of the dispersed microcrystalline semicon 

ductor particles is not limited to the above and may be larger. 
Further, the net-like microcrystalline semiconductor 118b 

has a shape in which microcrystalline semiconductors are 
partially continuous and portions where microcrystalline 
semiconductors are continuous may be arranged regularly 
(e.g., lattice-shape or ZigZag) or irregularly. FIG. 10B illus 
trates a shape viewed from above in which microcrystalline 
semiconductors are continuous irregularly. 

Such a net-like microcrystalline semiconductor 118b in 
which microcrystalline semiconductors are partially continu 
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ous can be formed in Such a manner that an amorphous 
semiconductor or a microcrystalline semiconductoris formed 
over the gate insulating layer 107, irradiated with a laser beam 
having energy with Such a level that the amorphous semicon 
ductor or the microcrystalline semiconductor is melted, and 
melted and solidified. 
The dispersed microcrystalline semiconductor particles or 

the net-like microcrystalline semiconductor 118 are/is 
formed between the gate insulating layer 107 and the buffer 
layer 131, whereby adhesion between the buffer layer 131 and 
the gate insulating layer 107 can be increased. Therefore, a 
yield of the thin film transistor can be enhanced. 

According to this embodiment, as compared to a thin film 
transistor in which an amorphous semiconductor is included 
in a channel formation region, on-current of a thin film tran 
sistor can be increased. In addition, as compared to a thin film 
transistor in which a microcrystalline semiconductor is 
included in a channel formation region, off-current of a thin 
film transistor can be reduced. Further, the dispersed micro 
crystalline semiconductor particles or the net-like microcrys 
talline semiconductor are/is formed over the gate insulating 
layer, whereby adhesion between the gate insulating layer 
and the buffer layer is improved, so that the yield can be 
enhanced. 

Embodiment 3 

In Embodiment 3, a thin film transistor in which the semi 
conductor layer 115 of Embodiment 1 is formed using a 
semiconductor layer including crystal regions in an amor 
phous structure, that is, a thin film transistor in which the 
semiconductor layer including crystal regions in an amor 
phous structure is formed between a gate insulating layer and 
source and drain regions will be described with reference to 
FIG 11. 

FIG. 11 is a cross-sectional view of a thin film transistor 
according to this embodiment. A thin film transistor illus 
trated in FIG. 11 includes a gate electrode layer 103 over a 
substrate 101; a gate insulating layer 107 covering the gate 
electrode layer 103; a semiconductor layer 132 which is pro 
vided over and in contact with the gate insulating layer 107; 
and source and drain regions 129 which are in contact with 
part of the semiconductor layer 132. In addition, the thin film 
transistor includes a wiring layer 123 and a wiring layer 125 
which are provided over and in contact with the source and 
drain regions 129. The wiring layer 123 and the wiring layer 
125 form a source electrode and a drain electrode. Further, 
each layer is patterned into a desired shape. In this embodi 
ment, the semiconductor layer 132 which is formed using a 
semiconductor layer including crystal regions in an amor 
phous structure is provided between the gate insulating layer 
107 and the source and drain regions 129. 
The semiconductor layer 132, the source and drain regions 

129, and the wiring layers 123 and 125 can be formed using, 
as appropriate, materials similar to those of the buffer layer 
131, the source and drain regions 129, and the wiring layers 
123 and 125 described in Embodiment 1, respectively. 
The semiconductor layer 132 which is one of major fea 

tures of this embodiment will now be described. The semi 
conductor layer 132 in a region in contact with the gate 
insulating layer 107 serves as a channel formation region of 
the thin film transistor. Here, the semiconductor layer 132 is 
formed using a semiconductor layer including crystal regions 
in an amorphous structure. The structure of the semiconduc 
tor layer 132 is as illustrated in FIGS. 12A to 12D. 

The semiconductor layer including crystal regions in an 
amorphous structure used for the semiconductor layer 132 is 
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a layer which is formed over the gate insulating layer 107 and 
in which crystal regions 132a are dispersed in an amorphous 
structure 132b as illustrated in FIG. 12A. 
The crystal region 132a has an inverted conical or pyrami 

dal shape. In addition, the crystal regions 132a include a 
single crystal or a twin crystal. 
One mode of the crystal region included in the semicon 

ductor layer including crystal regions in an amorphous struc 
ture is illustrated in FIG.12B-1. The vertex of a crystal region 
132d is in contact with the gate insulating layer 107 and the 
crystal region grows continuously in the deposition direction 
of the semiconductor layer including crystal regions in an 
amorphous structure. 

Such a crystal region can be formed in a manner similar to 
that of the crystal region 131d illustrated in FIG. 3B-1. 

Another mode of the crystal region included in the semi 
conductor layer including crystal regions in an amorphous 
structure is illustrated in FIG. 12B-2. The vertex of a crystal 
region 132e is not in contact with the gate insulating layer 107 
and the crystal region grows continuously in the deposition 
direction of the semiconductor layer including crystal regions 
in an amorphous structure. 

Such a crystal region can be formed in a manner similar to 
that of the crystal region 131e illustrated in FIG. 3B-2. 

Another mode of the crystal region included in the semi 
conductor layer including crystal regions in an amorphous 
structure is illustrated in FIG. 12B-3. The vertex of a crystal 
region 132f is in contact with the gate insulating layer 107 and 
the growth of the crystal region stops at a given point in the 
deposition direction of the semiconductor layer including 
crystal regions in an amorphous structure, and the amorphous 
structure is formed on the crystal region 132f. 

Such a crystal region can be formed in a manner similar to 
that of the crystal region 131 fillustrated in FIG. 3B-3. 

Note that the vertex of the crystal region is in contact with 
the gate insulating layer 107 in FIG. 12B-3; however, under 
the condition similar to that of FIG. 12B-2, a crystal region 
can be obtained in which the vertex of the crystal region is not 
in contact with the gate insulating layer 107 and the growth of 
the crystal region stops at a given point in the deposition 
direction. 

Another mode of the crystal region included in the semi 
conductor layer including crystal regions in an amorphous 
structure is illustrated in FIG. 12B-4. A structure 132g can be 
obtained in which a plurality of inverted conical or pyramidal 
crystal regions are stacked in the deposition direction. 

Such a crystal grain can be formed in a manner similar to 
that of the crystal region with the structure 131g illustrated in 
FIG 3B-4. 
Note that the vertex of the crystal region is in contact with 

the gate insulating layer 107 in FIG.12B-4; however, under a 
condition similar to that of FIG. 12B-2, a structure can be 
obtained in which the vertex of the crystal region is not in 
contact with the gate insulating layer 107. 
A space between the adjacent crystal regions 132a is filled 

with the amorphous structure 132b, that is, the crystal regions 
132a exist discretely and are not in contact with adjacent 
crystal regions. With Such a structure, resistance of the semi 
conductor layer 132 in a vertical direction of when voltage is 
applied to the source region or the drain region can be 
reduced, whereby on-current of the thin film transistor can be 
increased. 

In additions as illustrated in FIG. 12C, the semiconductor 
layer including crystal regions in an amorphous structure 
which can be used for the semiconductor layer 132 has a 
mode in which minute crystal grains 132C are dispersed in the 
amorphous structure 132b. The minute crystal grain 132c is a 
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crystal grain having a minute size which cannot be a crystal 
nucleus for the crystal region. The size of the minute crystal 
grain 132c is typically 1 to 10 nm inclusive, preferably 1 to 5 
nm inclusive. By controlling the nitrogen concentration in the 
semiconductor layer 132, the minute crystal grains can be 
formed. Further, a large amount of nitrogen is likely to be 
segregated on the outer side of the minute crystal grain, that is, 
on the side which is in contact with the amorphous structure. 
Therefore, a large amount of nitrogen exists at the interface 
between the minute crystal grain and the amorphous struc 
ture. 

Note that in the semiconductor layer 132, the minute crys 
tal grains 132c may be dispersed in the amorphous structure 
132b. In addition, the minute crystal grains 132C may be 
aggregated in the semiconductor layer 132. Furthermore, the 
dispersed minute crystal grains 132c and the aggregated 
minute crystal grains 132C may both exist in the semiconduc 
tor layer 132. 

In addition, as illustrated in FIG. 12D, the semiconductor 
layer including crystal regions in an amorphous structure 
which can be used for the semiconductor layer 132 has a 
mode in which the crystal regions 132a and the minute crystal 
grains 132C are dispersed in the amorphous structure 132b. 
With such a structure, resistance of the semiconductor layer 
132 in a vertical direction of when voltage is applied to the 
Source region or the drain region, that is, resistance between 
the gate insulating layer 107 and the Source region or the drain 
region, can be reduced, whereby on-current of the thin film 
transistor can be increased. 

Note that here, as for an impurity element which inhibits 
generation of crystal nuclei such as oxygen and nitrogen, an 
impurity element in silicon which does not trap carriers (e.g., 
nitrogen) is selected. On the other hand, the concentration of 
an impurity element which reduces the coordination number 
of silicon and generates dangling bonds (e.g., oxygen) is 
reduced. Therefore, it is preferable to reduce the oxygen 
concentration without reducing the nitrogen concentration. 
Specifically, it is preferable that the oxygen concentration 
which is measured by secondary ion mass spectrometry be 
less than or equal to 5x10" cm. 

In addition, the semiconductor layer 132 of the thin film 
transistor illustrated in FIG. 11 can have a structure in which 
the amorphous structure 131b includes a crystal region 132h 
having a quadrangular shape each angle of which is not 90°, 
typically, a diamond shape as illustrated in FIG. 13A. Such a 
semiconductor layer 132 can beformed through two different 
conditions. 

Typically, a semiconductor layer 132i including inverted 
conical or pyramidal crystal regions is formed on the gate 
insulating layer 107 side and a semiconductor layer 132i 
including regular conical or pyramidal crystal regions is 
formed thereon. Note that the crystal region 132h illustrated 
in FIGS. 13A to 13B-3 can be formed by controlling the 
nitrogen concentration in the semiconductor layer 132. 

Instead of the crystal region 132h, as illustrated in FIG. 
13B-1, the vertex of the crystal region included in the semi 
conductor layer 132i may be in contact with the gate insulat 
ing layer 107. 

In addition, instead of the crystal region 132h, as illustrated 
in FIG. 13B-2, the vertex of the crystal region included in the 
semiconductor layer 132i may be in contact with the source or 
drain region 129. 

Further, instead of the crystal region 132h, as illustrated in 
FIG. 13B-3, the vertex of the crystal region included in the 
semiconductor layer 132i may be in contact with the gate 
insulating layer 107, and the vertex of the crystal region 
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included in the semiconductor layer 132i may be in contact 
with the source or drain region 129. 
As described above, the crystal regions exist discretely. 

Control of density of crystal nucleation is necessary So that 
the crystal regions exist discretely. Control of the nitrogen 
concentration enables the density of crystal nucleation for the 
crystal regions to be controlled and enables the crystal regions 
to exist discretely. 

According to this embodiment, as compared to a thin film 
transistor in which an amorphous semiconductor is included 
in a channel formation region, on-current and field-effect 
mobility of a thin film transistor can be increased. In addition, 
as compared to a thin film transistor in which a microcrystal 
line semiconductor is included in a channel formation region, 
off-current of a thin film transistor can be reduced. 

Embodiment 4 

In Embodiment 4, a mode of a thin film transistor which is 
different from that described in Embodiment 1 will be 
described with reference to FIGS. 14A and 14B. 

FIG. 14A is a cross-sectional view of a thin film transistor 
according to this embodiment along A-B in FIG. 14B. A thin 
film transistor illustrated in FIG. 14A includes a gate elec 
trode layer 103 over a substrate 101; a gate insulating layer 
107 covering the gate electrode layer 103; a semiconductor 
layer 159 including crystal regions in an amorphous structure 
which is provided over and in contact with the gate insulating 
layer 107; and source and drain regions 157 which are pro 
vided over and in contact with part of the semiconductor layer 
159 including crystal regions in an amorphous structure. In 
addition, the thin film transistor includes a wiring layer 153 
and a wiring layer 155 which are provided over and in contact 
with the source and drain regions 157. The wiring layer 153 
and the wiring layer 155 form a source electrode and a drain 
electrode. Further, each layer is patterned into a desired 
shape. 

Further, as illustrated in FIG. 14B, in the shape viewed 
from above of the thin film transistor of this embodiment, the 
source and drain regions 157 are exposed at outer edges of the 
wiring layer 153 and the wiring layer 155. Such a structure is 
formed by a photolithography process using a multi-tone 
mask. 
The semiconductor layer 159 including crystal regions in 

anamorphous structure, the source and drain regions 157, and 
the wiring layers 153 and 155 can be formed using, as appro 
priate, materials similar to those of the buffer layer 131, the 
source and drain regions 129, and the wiring layers 123 and 
125 described in Embodiment 1, respectively. 

In this embodiment, one of the source electrode and the 
drain electrode is formed so as to have a U shape (a reversed 
C shape or a horseshoe shape), and partially surrounds the 
other of the source electrode and the drain electrode. The 
distance between the source and drain electrodes is kept sub 
stantially constant (FIG. 14B). 
One of the source electrode and the drain electrode has the 

above-described shape, whereby a channel width of the thin 
film transistor can be increased, and thus the amount of cur 
rent is increased. In addition, variation in electric character 
istics can be reduced. Further, decrease in reliability due to 
misalignment of a mask pattern in a manufacturing process 
can be suppressed. However, this embodiment is not limited 
thereto, and one of the source electrode and the drain elec 
trode does not necessarily have a U shape, and the source 
electrode and the drain electrode may be face each other in a 
linear manner. Further, the shapes of the thin film transistors 
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viewed from above in Embodiments 1 to 3 can have the same 
structure as that in this embodiment. 

Although the semiconductor layer including crystal 
regions in an amorphous structure is provided between the 
gate insulating layer and the Source and drain regions in this 
embodiment, the semiconductor layer and the buffer layer 
may be stacked in a manner similar to those of Embodiments 
1 and 2. 
According to this embodiment, as compared to a thin film 

transistor in which an amorphous semiconductor is included 
in a channel formation region, on-current of a thin film tran 
sistor can be increased. In addition, as compared to a thin film 
transistor in which a microcrystalline semiconductor is 
included in a channel formation region, off-current of a thin 
film transistor can be reduced. 

Embodiment 5 

In Embodiment 5, a method for manufacturing a thin film 
transistor and a pixel portion of a display device will be 
described below. Here, a liquid crystal display device is 
described as a display device. An n-channel thin film transis 
tor has higher carrier mobility than a p-channel thin film 
transistor, and it is preferable that all thin film transistors 
formed over the same substrate have the same polarity 
because the number of manufacturing steps can be reduced. 
Therefore, in this embodiment, a method for manufacturing 
an n-channel thin film transistor will be described. 

First, a gate electrode layer 103 and a capacitor wiring 105 
are formed over a substrate 101 (FIG. 15A). 
As the substrate 101, the substrate 101 described in 

Embodiment 1 can be used as appropriate. 
The gate electrode layer 103 and the capacitor wiring 105 

are formed using a material used for the gate electrode layer 
103 described in Embodiment 1 as appropriate. The gate 
electrode layer 103 and the capacitor wiring 105 can be 
formed in Such a manner that a conductive layer is formed 
over the substrate 101 using the above material by a sputtering 
method or a vacuum evaporation method, a mask is formed 
over the conductive layer by a photolithography method, an 
inkjet method, or the like, and the conductive layer is etched 
using the mask. Alternatively, the gate electrode layer 103 and 
the capacitor wiring 105 can be formed by discharging a 
conductive nanopaste of silver, gold, copper, or the like over 
the Substrate by an ink-jet method and baking the conductive 
nanopaste. Note that a nitride layer of any of the above metal 
materials may be provided between the substrate 101 and the 
gate electrode layer 103 and the capacitor wiring 105. Here, a 
conductive layer is formed over the substrate 101 and then 
etched using a resist mask which is formed through a first a 
photolithography process, thereby forming the gate electrode 
layer 103 and the capacitor wiring 105. 
When side surfaces of the gate electrode layer 103 and the 

capacitor wiring 105 have a tapered shape, disconnection of 
the semiconductor layer and the wiring layer formed over the 
gate electrode layer 103 and the capacitor wiring 105 at a step 
portion can be prevented. In order to form the side surfaces of 
the gate electrode layer 103 and the capacitor wiring 105 into 
a tapered shape, etching may be performed while the resist 
mask is made to recede. For example, by using an etching gas 
containing an oxygen gas, etching can be performed while the 
resist mask is made to recede. 

Through the step of forming the gate electrode layer 103, a 
gate wiring (a scanning line) and the capacitor wiring 105 can 
also be formed at the same time. Note that a “scanning line' 
means a wiring which selects a pixel, while a “capacitor 
wiring” means a wiring which is connected to one of elec 
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trodes of a storage capacitor in a pixel. However, without 
limitation thereto, the gate electrode layer 103 and one or both 
of a gate wiring and a capacitor wiring may be formed sepa 
rately. 

Next, a gate insulating layer 107, a semiconductor layer 
109, a buffer layer 111, and an impurity semiconductor layer 
113 are formed so as to cover the gate electrode layer 103. 
The gate insulating layer 107 can be formed using any of 

the materials for the gate insulating layer 107 described in 
Embodiment 1 as appropriate. The gate insulating layer 107 
can be formed by a CVD method, a sputtering method, or the 
like. In the process of forming the gate insulating layer 107 by 
a CVD method, glow discharge plasma is generated by apply 
ing high-frequency power with a frequency of 3 MHz to 30 
MHz, typically 13.56MHz or 27.12 MHz, or high-frequency 
power in the VHF band with a frequency of 30 MHz to about 
300 MHz, typically 60 MHz. Further, the gate insulating layer 
107 may be formed using a microwave plasma CVD appara 
tus with a high frequency (greater than or equal to 1 GHz). 
When the gate insulating layer 107 is formed by a microwave 
plasma CVD apparatus, the withstand Voltage between a gate 
electrode and drain and source electrodes can be improved; 
therefore, a highly reliable thin film transistor can be 
obtained. 

It is preferable that the semiconductor layer 109 beformed 
to have a thickness of 3 nm to 100 nm inclusive, preferably 5 
nm to 50 nm inclusive. 

In a reaction chamber of the plasma CVD apparatus, a 
deposition gas containing silicon or germanium is mixed with 
hydrogen, and a microcrystalline semiconductor layer is 
formed as the semiconductor layer 109 by glow discharge 
plasma. The microcrystalline semiconductor layer is formed 
using mixture of the deposition gas containing silicon or 
germanium and hydrogen, which is obtained by diluting the 
deposition gas with hydrogen whose flow rate is 10 to 2000 
times, preferably 50 to 200 times that of the deposition gas. 
As a typical example of the deposition gas containing 

silicon or germanium, SiH4. SiH, GeH, GeH, or the like 
can be given. 

Next, a method for forming the buffer layer 111 will be 
described. 
The buffer layer 111 includes minute crystal grains and/or 

conical or pyramidal crystal regions in an amorphous struc 
ture as described in the above embodiments. The minute 
crystal grains and the conical or pyramidal crystal regions can 
be formed, for example, in Such a manner that the oxygen 
concentration in the buffer layer 111 is set low and the nitro 
gen concentration is set higher than the oxygen concentration 
and controlled. Thus, the minute crystal grains and the conical 
or pyramidal crystal regions can be formed while controlling 
generation of nuclei for the crystal regions. Here, it is prefer 
able that the nitrogen concentration be one or more digits 
higher than the oxygen concentration. More specifically, the 
oxygen concentration which is measured by secondary ion 
mass spectrometry is less than or equal to 5x10" cm. Fur 
ther, the nitrogen concentration is 1x10' to 1x10 cm 
inclusive, preferably 2x 10' to 1x10 cm inclusive. The 
thickness of the buffer layer 131 is preferably 50 nm to 350 
nm, more preferably 120 nm to 250 nm. 

In this embodiment, the gate insulating layer 107 has a 
stacked-layer structure in which a silicon oxynitride layer is 
formed over a silicon nitride layer, and as the semiconductor 
layer 109, a microcrystalline silicon layer is formed and the 
microcrystalline semiconductor layer is exposed to ammonia, 
whereby nitrogen is Supplied to the Surface of the semicon 
ductor layer 109 to control the nitrogen concentration of the 
buffer layer. 
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Here, an example of forming the gate insulating layer 107. 
the semiconductor layer 109, the buffer layer 111, and the 
impurity semiconductor layer 113 will be described in detail. 
These layers are formed by a CVD method or the like. Fur 
ther, the gate insulating layer 107 has a stacked-layer struc 
ture in which a silicon oxynitride layer is formed over a 
silicon nitride layer. By employing Such a structure, the sili 
con nitride layer can prevent an element included in the Sub 
strate which adversely affects electric characteristics (an ele 
ment such as Sodium in the case where the Substrate is a glass 
substrate) from entering the semiconductor layer 109 or the 
like. FIG. 19 is a schematic view illustrating a CVD apparatus 
which is used for forming these layers. 
A plasma CVD apparatus 261 illustrated in FIG. 19 is 

connected to a gas Supply means 250 and an exhaust means 
251. 
The plasma CVD apparatus 261 illustrated in FIG. 19 

includes a treatment chamber 241, a stage 242, a gas Supply 
portion 243, a showerplate 244, an exhaust port 245, an upper 
electrode 246, a lower electrode 247, an alternate-current 
power source 248, and a temperature control portion 249. 
The treatment chamber 241 is formed using a material 

having rigidity and the inside thereof can be evacuated to 
vacuum. The treatment chamber 241 is provided with the 
upper electrode 246 and the lower electrode 247. Note that in 
FIG. 19, a structure of a capacitive coupling type (a parallel 
plate type) is illustrated; however, another structure Such as an 
inductive coupling type can be used, as long as plasma can be 
generated in the treatment chamber 241 by applying two or 
more different high-frequency powers. 
When treatment is performed with the plasma CVD appa 

ratus illustrated in FIG. 19, a predetermined gas is supplied 
through the gas Supply portion 243 to the treatment chamber 
241. The supplied gas is introduced to the treatment chamber 
241 through the shower plate 244. High-frequency power is 
applied with the alternate-current power source 248 con 
nected to the upper electrode 246 and the lower electrode 247 
to excite the gas in the treatment chamber 241, whereby 
plasma is generated. Further, the gas in the treatment chamber 
241 is exhausted through the exhaust port 245 which is con 
nected to a vacuum pump. Further, the temperature control 
portion 249 makes it possible to perform plasma treatment 
while an object to be processed is being heated. 

The gas supply means 250 includes a cylinder 252 which is 
filled with a reaction gas, a pressure adjusting valve 253, a 
stop valve 254, a mass flow controller 255, and the like. The 
treatment chamber 241 includes the shower plate 244 which 
is processed in a plate-like shape and provided with a plurality 
of pores, between the upper electrode 246 and the substrate 
101. A reaction gas supplied to the upper electrode 246 is 
supplied to the treatment chamber 241 through pores in the 
shower plate 244 having a hollow structure. 
The exhaust means 251 which is connected to the treatment 

chamber 241 has a function of vacuum evacuation and a 
function of controlling the pressure inside the treatment 
chamber 241 to be maintained at a predetermined level when 
a reaction gas is made to flow. The exhaust means 251 
includes in its structure a butterfly valve 256, a conductance 
valve 257, a turbo molecular pump 258, a dry pump 259, and 
the like. In the case of arranging the butterfly valve 256 and 
the conductance valve 257 in parallel, the butterfly valve 256 
is closed and the conductance valve 257 is operated, so that 
the evacuation speed of the reaction gas is controlled and thus 
the pressure in the treatment chamber 241 can be kept in a 
predetermined range. Moreover, the butterfly valve 256 hav 
ing higher conductance is opened, so that high-vacuum 
evacuation can be performed. 
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In the ease of performing ultra-high vacuum evacuation to 

a pressure lower than 10 Pa on the treatment chamber 241, 
a cryopump 260 is preferably used together. In addition, when 
exhaust is performed to ultra-high vacuum as ultimate 
vacuum, the inner wall of the treatment chamber 241 may be 
polished into a mirror surface, and the treatment chamber 241 
may be provided with a heater for baking in order to reduce a 
gas discharged from the inner wall. 

Note that as illustrated in FIG. 19, when precoating treat 
ment is performed so that a layer is formed (deposited) so as 
to cover the entire inner wall of treatment chamber 241, it is 
possible to prevent an impurity element attached to the inner 
wall of the treatment chamber or an impurity element for 
forming the inner wall of the treatment chamber from mixing 
into an element. In this embodiment, as precoating treatment, 
a layer containing silicon as its main component may be 
formed. For example, an amorphous silicon layer or the like 
may beformed. Note that it is preferable that this layer should 
not contain oxygen. 
A series of steps from a step of forming the gate insulating 

layer 107 to a step of forming the impurity semiconductor 
layer will be described with reference to FIG. 20. Note that 
the gate insulating layer 107 is formed in Such a manner that 
a silicon oxynitride layer is stacked over a silicon nitride 
layer. 

First, the substrate over which the gate electrode layer 103 
is formed is heated in the treatment chamber 241 of the CVD 
apparatus, and in order to form a silicon nitride layer, Source 
gases used for depositing a silicon nitride layer are introduced 
into the treatment chamber 241 (pretreatment 201 in FIG.20). 
First, a silicon nitride layer with a thickness of 110 nm is 
formed by a plasma CVD method. The deposition condition 
at this time is as follows: as for the source gases, the flow rate 
of SiHa is 40 sccm, the flow rate of H is 500 sccm, the flow 
rate of N is 550 sccm, and the flow rate of NH is 140 sccm, 
the pressure in the treatment chamber is 100 Pa, the tempera 
ture of the substrate is 280° C., the RE power source fre 
quency is 13.56MHz, and the power of the RF power source 
is 370 W: plasma discharge is performed under this condition. 
After that, only the supply of SiH is stopped, and after 
several seconds, the plasma discharge is stopped (formation 
of SiN 203 in FIG. 20). This is because if plasma discharge is 
stopped in a state where SiH4 is present in the treatment 
chamber, grains or particles containing silicon as its main 
component are formed, which causes reduction in yield. 

Next, the source gases used for depositing the silicon 
nitride layer are exhausted and source gases used for depos 
iting a silicon oxynitride layer are introduced to the treatment 
chamber 241 (replacement of gases 205 in FIG. 20). In this 
embodiment, a silicon oxynitride layer with a thickness of 
110 nm is formed. The deposition condition at this time is as 
follows: as for the source gases, the flow rate of SiH is 30 
sccm and the flow rate of NO is 1200 sccm, the pressure in 
the treatment chamber is 40 Pa, the temperature of the sub 
strate is 280° C., the RF power source frequency is 13.56 
MHz, and the power of the RF power source is 50 W: plasma 
discharge is performed under this condition. After that, in a 
manner similar to that of the silicon nitride layer, only the 
introduction of SiH4 is stopped, and after several seconds, the 
plasma discharge is stopped (formation of SiON 207 in FIG. 
20). 

Through the above steps, the gate insulating layer 107 can 
be formed. After the gate insulating layer 107 is formed, the 
substrate 101 is carried out of the treatment chamber 241 
(unload 225 in FIG. 20). 

After the substrate 101 is carried out of the treatment cham 
ber 241, for example, an NF gas is introduced into the treat 
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ment chamber 241 and the inside of the treatment chamber 
241 is cleaned (cleaning treatment 227 in FIG. 20). After that, 
treatment for forming an amorphous silicon layer in the treat 
ment chamber 241 is performed (precoating treatment 229 in 
FIG. 20). Although the amorphous silicon layer is formed in 
a manner similar to formation of the buffer layer 111, which 
will be described later, hydrogen may be introduced into the 
treatment chamber 241 as indicated by a dashed line 234 or 
may not be introduced into the treatment chamber 241. By 
this treatment, the amorphous silicon layer is formed on the 
inner wall of the treatment chamber 241. After that, the sub 
strate 101 is carried into the treatment chamber 241 (load 231 
in FIG. 20). 

Next, Source gases used for depositing the semiconductor 
layer 109 are introduced to the treatment chamber 241 (re 
placement of gases 209 in FIG. 20). Next, the semiconductor 
layer 109 is formed over the gate insulating layer 107. In a 
later step, the semiconductor layer 109 is patterned into the 
semiconductor layer 115. In this embodiment, a microcrys 
talline silicon layer with a thickness of 50 nm is formed as the 
semiconductor layer 109. The deposition condition at this 
time is as follows: as for the source gases, the flow rate of SiHa 
is 10 sccm and the flow rate of H is 1500 sccm, the pressure 
in the treatment chamber is 280 Pa, the temperature of the 
substrate is 280°C., the RF power source frequency is 13.56 
MHz, and the power of the RF power source is 50 W: plasma 
discharge is performed under this condition. After that, in a 
manner similar to formation of the silicon nitride layer or the 
like described above, only the supply of SiHa is stopped, and 
after several seconds, the plasma discharge is stopped (for 
mation of semiconductor layer 211 in FIG. 20). 

Next, nitrogen is supplied to the surface of the semicon 
ductor layer 109. Here, by exposing the surface of the semi 
conductor layer 109 to an ammonia gas, nitrogen is Supplied 
(here, referred to as “flush treatment') (flush treatment 213 in 
FIG. 20). Further, hydrogen may be contained in the ammonia 
gas as indicated by a dashed line 236a. Instead of an ammonia 
gas, a nitrogen gas may be used as indicated by a dashed line 
236b or a hydrogen gas may be used as indicated by a dashed 
line 236a. Alternatively, an ammonia gas and a nitrogen as 
may both be used. Here, as an example, preferably, the pres 
sure in the treatment chamber 241 is about 20 to 30 Pa, the 
substrate temperature is 280°C., and the treatment time is 60 
seconds. Further alternatively, after the flush treatment, the 
pressure in the treatment chamber may be controlled to be 
reduced or increased, so that the amount of nitrogen in the 
treatment chamber 241 may be controlled. Note that in the 
treatment of this step, the substrate 101 is only exposed to an 
ammonia gas, however plasma treatment may also be per 
formed. After that, these gases are exhausted and gases used 
for depositing the buffer layer 111 are introduced (replace 
ment of gases 215 in FIG. 20). 

Next, the buffer layer 111 is formed over the semiconduc 
tor layer 109. In a later step, the buffer layer 111 is patterned 
into the buffer layer 131. Here, the buffer layer is formed 
using a semiconductor layer including crystal regions in an 
amorphous structure with a thickness of 55 nm. The deposi 
tion condition at this time is as follows: as for the source 
gases, the flow rate of SiH is 20 sccm and the flow rate of H 
is 1500 sccm, the pressure in the treatment chamber is 280 Pa, 
the temperature of the substrate is 280° C., and the output 
power is 50 W: plasma discharge is performed under this 
condition. In this step, the ammonia gas introduced to the 
reaction chamber by the flush treatment is decomposed by 
plasma discharge, so that nitrogen can be added to the buffer 
layer 111. After that, in a manner similar to formation of the 
silicon nitride layer or the like described above, only the 
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Supply of SiH4 is stopped, and after several seconds, the 
plasma discharge is stopped (formation of buffer layer 217 in 
FIG. 20). After that, these gases are exhausted and gases used 
for depositing the impurity semiconductor layer 113 are 
introduced (replacement of gases 219 in FIG. 20). 

Note that the ammonia introduced to the reaction chamber 
by the flush treatment is decomposed by plasma discharge, so 
that an NH group oran NH group is generated. Further, when 
the buffer layer is deposited, different dangling bonds in the 
semiconductor layer including crystal regions in an amor 
phous structure are cross-linked to each other in Some cases. 
Further, dangling bonds included in the semiconductor layer 
including crystal regions in an amorphous structure are ter 
minated in Some cases. Note that in the case of introducing a 
nitrogen gas as a gas containing nitrogen to the reaction 
chamber, a hydrogen gas which is a source gas of the semi 
conductor layer including crystal regions in an amorphous 
structure and the nitrogen gas are reacted with each other by 
plasma discharge, so that an NH group or an NH group is 
generated. Different dangling bonds in the semiconductor 
layer including crystal regions in an amorphous structure are 
cross-linked to each other with the NH group in some cases. 
Further, dangling bonds included in the semiconductor layer 
including crystal regions in an amorphous structure are ter 
minated in Some cases. 

In the above example, with regard to the Source gases for 
forming the buffer layer 111, the flow rate of H is 150 times 
that of SiH: therefore, silicon is deposited gradually. 

Nitrogen is supplied to the surface of the semiconductor 
layer 109 in this embodiment. As described above, nitrogen 
inhibits generation of silicon crystal nuclei. Therefore, nuclei 
of silicon crystals are not likely to be generated at the early 
stage of the deposition. The buffer layer 111 is deposited 
while the nitrogen concentration is reduced. When the nitro 
gen concentration is less than or equal to a given value, crystal 
nuclei are generated. After that, the crystal nuclei grow, so 
that the conical or pyramidal crystal grains or the minute 
crystal grains are formed. 

In the buffer layer 111 formed by such a method, the 
nitrogen concentration which is measured by secondary ion 
mass spectrometry has a peak at the interface between the 
semiconductor layer 109 and the buffer layer 111 and is 
gradually reduced in a direction in which the semiconductor 
layer 109 is deposited. 

Note that as indicated by a dashed line 235a in FIG. 20 an 
ammonia gas may be supplied to the reaction chamber in 
formation of buffer layer 217. Alternatively, as indicated by a 
dashed line 235b, a nitrogen gas may be supplied to the 
reaction chamber, instead of an ammonia gas. Further alter 
natively, both an ammonia gas and a nitrogen gas may be 
Supplied to the reaction chamber. As a result, the nitrogen 
concentration in the buffer layer 111 is increased and minute 
crystal grains or inverted conical or pyramidal crystal regions 
are formed as the crystal regions. In this process, regular 
conical or pyramidal crystal regions may also be formed. 

In the buffer layer 111 formed by such a method, the 
nitrogen concentration which is measured by secondary ion 
mass spectrometry has a peak at the interface between the 
semiconductor layer 109 and the buffer layer 111 and is 
constant in the direction in which the semiconductor layer 
109 is deposited. 

Next, the impurity semiconductor layer 113 is formed over 
the buffer layer 111. In a later step, the impurity semiconduc 
tor layer 113 is patterned into the source and drain regions 
129. In this embodiment, anamorphous silicon layer to which 
phosphorus is added with a thickness of 50 nm is formed as 
the impurity semiconductor layer 113. The deposition condi 
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tion at this time is as follows: as for source gases, the flow rate 
of SiH is 100 sccm and the flow rate of 0.5% phosphine 
(diluted with hydrogen) is 170 sccm, the deposition tempera 
ture is 280° C., the pressure is 170 Pa, the RF power source 
frequency is 13.56 MHz, and the power of the RF power 5 
source is 60 W: plasma discharge is performed under this 
condition. After that, in a manner similar to formation of the 
silicon nitride layer or the like, only the supply of SiH is 
stopped, and after several seconds, the plasma discharge is 
stopped (formation of impurity semiconductor layer 221 in 10 
FIG. 20). After that, these gases are exhausted (exhaust of gas 
223 in FIG. 20). 
As described above, steps of forming components up to the 

impurity semiconductor layer 113 can be performed (FIG. 
15A). 15 

Next, with use of a resist mask formed by a second photo 
lithography process, the semiconductor layer 109, the buffer 
layer 111, and the impurity semiconductor layer 113 are 
etched to form the semiconductor layer 115, a buffer layer 
117, and an impurity semiconductor layer 119 (FIG. 15B). 20 
After that, the resist mask is removed. 

Next, a conductive layer 121 is formed so as to cover the 
semiconductor layer 115, the buffer layer 117, and the impu 
rity semiconductor layer 119 (FIG. 15C). 
The conductive layer 121 can be formed using a material 25 

and a stacked-layer structure of the wiring layers 123 and 125 
described in Embodiment 1 as appropriate. The conductive 
layer 121 is formed by a CVD method, a sputtering method, 
or a vacuum evaporation method. Alternatively, the conduc 
tive layer 121 may be formed by discharging a conductive 30 
nanopaste of silver, gold, copper, or the like by a screen 
printing method, an ink-jet method, or the like and baking the 
conductive nanopaste. After that, a resist mask is formed over 
the conductive layer 121. 

Next, with use of a resist mask formed by a third photoli- 35 
thography process, the conductive layer 121 is etched to form 
a wiring layer 123, a wiring layer 125, and a capacitor elec 
trode 127 (FIG. 16A). The wiring layer 123 and the wiring 
layer 125 form the source electrode and the drain electrode. 
The conductive layer 121 is preferably etched by wet etching. 40 
By wet etching, the conductive layer is etched isotropically. 
As a result, the conductive layer recedes to an inner side than 
that of the resist mask, and thus the wiring layer 123 and the 
wiring layer 125 are formed. Accordingly, the side surfaces of 
the wiring layer 123 and the wiring layer 125 are not aligned 45 
with the side Surfaces of the etched source and drain regions 
129, and the side surfaces of the source and drain regions are 
formed outside the side surfaces of the wiring layer 123 and 
the wiring layer 125. The wiring layer 123 and the wiring 
layer 125 serve not only as a source electrode and a drain 50 
electrode but also as a signal line. However, without limita 
tion thereto, a signal line may be provided separately from the 
wiring layer 123 and the wiring layer 125. 

Next, with use of a resist mask formed by a third photoli 
thography process, part of the buffer layer 117 and the impu- 55 
rity semiconductor layer 119 obtained by etching are etched 
(FIG. 16B). The semiconductor layer 115, the buffer layer 
131, and the source and drain regions 129 are formed through 
the process up to this step. After that, the resist mask is 
removed. FIG. 18A is a top view of FIG. 16B. 60 

Next, dry etching is preferably performed. A condition of 
dry etching is set so that the exposed region of the buffer layer 
131 is not damaged and the etching rate with respect to the 
buffer layer 131 is low. In other words, a condition which 
gives almost no damages to the exposed surface of the buffer 65 
layer 131 and hardly reduces the thickness of the exposed 
region of the buffer layer 131 is applied. As an etching gas, a 
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chlorine-based gas is used; typically, a Cl gas is used. There 
is no particular limitation on an etching method and an induc 
tively coupled plasma (ICP) method, a capacitively coupled 
plasma (CCP) method, an electron cyclotron resonance 
(ECR) method, or a reactive ion etching (RIE) method, or the 
like can be used. 
An example of a condition of dry etching which can be 

used here is as follows: the flow rate of a C1 gas is 100 sccm; 
the pressure in the chamber is 0.67 Pa; the temperature of the 
lowerelectrode is -10°C.: an RF power (13.56MHz) of 2000 
W is applied to the coil of the upper electrode to generate 
plasma; no power, OV, is applied to the substrate 101 side (i.e., 
as non-bias); and etching is performed for 30 seconds. The 
temperature of the inner wall of the chamber is preferably 
about 80° C. 

Next, the surface of the buffer layer 131 may be irradiated 
with water plasma, ammonia plasma, nitrogen plasma, or the 
like. 

Water plasma treatment can be performed in Such a manner 
that a gas containing water as its main component typified by 
water vapor (HO vapor) is introduced to a reaction space to 
generate plasma. 
As described above, after the pair of source and drain 

regions 129 are formed, dry etching is further performed 
under such a condition that the buffer layer 131 is not dam 
aged, whereby an impurity element such as a residue existing 
on the exposed region of the buffer layer 131 can be removed. 
Further, after dry etching, water plasma treatment is per 
formed, whereby a residue of the resist mask can also be 
removed. By water plasma treatment, insulation between the 
Source region and the drain region can be secured, and thus, in 
a thin film transistor which is completed, the off-current can 
be reduced, the on-current can be increased, and variation in 
the electric characteristics can be reduced. 

Note that the order of steps of plasma treatment and the like 
are not limited to the above. Before the resist mask is 
removed, etching with non-bias applied or plasma treatment 
may be performed. 

Through the steps described above, a thin film transistor 
according to this embodiment can be manufactured. Like the 
thin film transistor described in Embodiment 1, the thin film 
transistor according to this embodiment can also be applied to 
a Switching transistorina pixel of a display device typified by 
a liquid crystal display device. Therefore, an insulating layer 
133 is formed so as to cover this thin film transistor. 

Next, an opening 134 and an opening 136 are formed in the 
insulating layer 133. The opening 134 and the opening 136 
can be formed in Such a manner that the insulating layer is 
partly etched by using a resist mask formed by a fourth 
photolithography process. Note that when the insulating layer 
133 is formed using a photosensitive resin, the insulating 
layer 133 can be formed by the fourth photolithography pro 
cess. After that, a pixel electrode layer 135 is provided over 
the insulating layer 133 so that connection is obtained 
through the opening 134 and the opening 136. In Such a 
manner, a Switching transistor in a pixel of a display device 
which is illustrated in FIG. 17A can be manufactured. 

Note that the insulating layer 133 can be formed in a 
manner similar to that of the gate insulating layer 107. Fur 
ther, a dense silicon nitride layer is preferably used as the 
insulating layer 133 such that entry of a contaminant impurity 
element Such as an organic Substance, a metal, or water vapor 
in the atmosphere can be prevented. 

Note that the pixel electrode layer 135 can beformed using 
a conductive composition containing a conductive high mol 
ecule (also referred to as a conductive polymer) having a 
light-transmitting property. The pixel electrode layer 135 
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preferably has a sheet resistance of less than or equal to 10000 
S2/square and a light transmittance of greater than or equal to 
70% at a wavelength of 550 nm. Further, the resistivity of the 
conductive high molecule contained in the conductive com 
position is preferably less than or equal to 0.1 S2 cm. 
As a conductive high molecule, a so-called at electron 

conjugated conductive high molecule can be used. For 
example, polyaniline or a derivative thereof polypyrrole or a 
derivative thereof, polythiophene or a derivative thereof, a 
copolymer of two or more kinds of those materials and the 
like can be given. 
The pixel electrode layer 135 can be formed using, for 

example, indium oxide containing tungsten oxide, indium 
Zinc oxide containing tungsten oxide, indium oxide contain 
ing titanium oxide, indium tin oxide containing titanium 
oxide, indium tin oxide (hereinafter also referred to as ITO), 
indium Zinc oxide, indium tin oxide to which silicon oxide is 
added, or the like. 
The pixel electrode layer 135 may be etched using a resist 

mask formed by a fifth photolithography process to be pat 
terned in a manner similar to that of the wiring layers 123 and 
125 or the like. 

Note that although not illustrated, an insulating layer 
formed using an organic resin by a spin coating method or the 
like may be formed between the insulating layer 133 and the 
pixel electrode layer 135. The insulating layer formed using 
an organic resin is formed using a photosensitive resin, 
whereby the number of steps can be reduced. 

After that, in a vertical alignment (VA) liquid crystal dis 
play device, in the case of employing a multi-domain vertical 
alignment mode (so-called MVA mode) in which a pixel is 
divided into a plurality of portions and the alignment of liquid 
crystal molecules is made different depending on each por 
tion of the pixel for viewing angle expansion, a protrusion 137 
is preferably formed over the pixel electrode layer 135. The 
protrusion 137 is formed using an insulating layer. FIG. 18B 
is a top view of FIG. 17B. 

Here, after a composition containing a photosensitive 
acrylic is applied to form a composition layer with a thickness 
of 0.9 to 1.0 um, heating is performed at 90° C. for 120 
seconds, so that the composition layer is dried. Next, the 
composition layer is exposed to light with use of a photomask 
and developed, to have a predetermined shape. Next, heating 
is performed at 230° C. for one hour to form the protrusion 
137 formed of an acrylic resin layer. 
When the protrusion 137 is formed over the pixel electrode 

layer, in the case where Voltage is not applied to the pixel 
electrode, liquid crystal molecules are aligned perpendicu 
larly to a Surface of an alignment film; however, liquid crystal 
molecules in the vicinity of the protrusion are aligned to be 
inclined slightly to the substrate surface. When the voltage is 
applied to the pixel electrode layer, first, the liquid crystal 
molecules in the vicinity of the protrusion which are aligned 
to be inclined slightly are inclined. Further, the liquid crystal 
molecules other than those in the vicinity of the protrusion are 
also affected by the liquid crystal molecules in the vicinity of 
the protrusion to be sequentially aligned in the same direc 
tion. As a result, stable alignment can be obtained in all the 
pixels. That is, alignment of the liquid crystal molecules in the 
entire display portion is controlled based on the protrusion. 

Instead of the protrusion provided over the pixel electrode 
layer, a slit may also be provided for the pixel electrode. In 
this case, when Voltage is applied to the pixel electrode layer, 
electric field distortion is generated near the slit and an elec 
tric field distribution and alignment of the liquid crystal mol 
ecules can be controlled similarly to the case where the pro 
trusion is provided over the pixel electrode layer. 
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Through the steps described above, an element substrate 

which can be used for a liquid crystal display device and 
which has a thin film transistor with high on-current as com 
pared to a thin film transistor in which an amorphous semi 
conductor is included in a channel formation region and with 
low off-current as compared to a thin film transistor in which 
a microcrystalline semiconductor is included in a channel 
formation region can be manufactured. 

Embodiment 6 

In Embodiment 6, a process for forming a buffer layer 
which can be applied to Embodiment 5 will be described. 

In this embodiment, the inside of the treatment chamber is 
cleaned before deposition of the buffer layer 111. Then, the 
inner wall of the chamber is covered with a silicon nitride 
layer, whereby the buffer layer 111 is made to contain nitro 
gen. Thus, the oxygen concentration is controlled to be low, 
and the nitrogen concentration is made higher than the oxy 
gen concentration in the buffer layer 111. A series of steps 
from a step of forming the gate insulating layer 107 to a step 
of forming the semiconductor layer 109 are the same as those 
in Embodiment 5; thus, a series of steps from a step of form 
ing the semiconductor layer 109 to a step of forming the 
impurity semiconductor layer 113 are described below with 
reference to FIG. 21. 
The semiconductor layer 109 is formed over the gate insu 

lating layer 107. In a later step, the semiconductor layer 109 
is patterned into the semiconductor layer 115. First, source 
gases used for depositing the semiconductor layer 109 are 
introduced to the treatment chamber. Here, as an example, in 
a manner similar to that of Embodiment 5, a microcrystalline 
semiconductor layer with a thickness of about 50 nm is 
formed as the semiconductor layer 109. After that, the plasma 
discharge is stopped (formation of semiconductor layer 211 
in FIG. 21). After that, the substrate 101 is carried out of the 
treatment chamber 241 (unload 225 in FIG. 21). 

After the substrate 101 is carried out of the treatment cham 
ber 241, for example, a NF gas is introduced to the treatment 
chamber 241 and the inside of the treatment chamber 241 is 
cleaned (cleaning treatment 227 in FIG. 21). After that, treat 
ment for forming a silicon nitride layer in the treatment cham 
ber 241 is performed (precoating treatment 233 in FIG. 21). 
The silicon nitride layer is formed under a condition similar to 
that of the silicon nitride layer formed as the gate insulating 
layer in Embodiment 5. By this treatment, the silicon nitride 
layer is formed on the inner wall of the treatment chamber 
241. After that, the substrate 101 is carried into the treatment 
chamber 241 (load 231 in FIG. 21). 

Next, source gases used for depositing the buffer layer 111 
are introduced to the treatment chamber 241 (replacement of 
gases 215 in FIG. 21). Next, the buffer layer 111 is formed 
over the entire surface of the semiconductor layer 109. In a 
later step, the buffer layer 111 is patterned into the buffer layer 
131. Here, as the buffer layer, in a manner similar to that of 
Embodiment 5, a semiconductor layer including crystal 
regions in an amorphous structure with a thickness of about 
80 nm can be formed. After that, the plasma discharge is 
stopped (formation of buffer layer 217 in FIG. 21). After that, 
these gases are exhausted and gases used for depositing the 
impurity semiconductor layer 113 are introduced (replace 
ment of gases 219 in FIG. 21). In a manner similar to that of 
Embodiment 5, the impurity semiconductor layer 113 is 
formed (formation of impurity semiconductor layer 221 in 
FIG. 21). 
The silicon nitride layer is formed on the inner wall of the 

treatment chamber 241 in this embodiment. When the silicon 
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nitride layer formed in the treatment chamber 241 is exposed 
to plasma in a step of forming the buffer layer 111, nitrogenis 
dissociated, and thus at the early stage of depositing the buffer 
layer 111, nitrogen can be mixed into the buffer layer 111. 
When the silicon nitride layer formed in the treatment 

chamber 241 is exposed to plasma in a step of forming the 
buffer layer 111, nitrogen, preferably, an NH group oran NH 
group is dissociated, and thus at the early stage of depositing 
the buffer layer 111, nitrogen, preferably, an NH group or an 
NH group can be mixed into the buffer layer 111. Further, 
when an amorphous semiconductor layer is deposited, differ 
ent dangling bonds in the amorphous semiconductor layer are 
cross-linked in Some cases. Further, when the amorphous 
semiconductor layer is deposited, dangling bonds in the 
amorphous semiconductor layer are terminated in some 
CaSCS. 

In the buffer layer 111 formed by such a method, the 
nitrogen concentration which is measured by secondary ion 
mass spectrometry has a peak at the interface between the 
semiconductor layer 109 and the buffer layer 111 and is 
gradually reduced as the semiconductor layer 109 is depos 
ited. 
As described above, at least right before the semiconductor 

layer is formed, the inner wall of the treatment chamber is 
covered with the silicon nitride layer, whereby the oxygen 
concentration can be suppressed low and the nitrogen con 
centration can be made higher than the oxygen concentration, 
and a semiconductor layer including crystal regions in an 
amorphous structure can be formed. 

Further, covering the inner wall of the treatment chamber 
with the silicon nitride layer can prevent elements that con 
stitute the inner wall of the treatment chamber and the like 
from entering the buffer layer. 

Note that as indicated by a dashed line 237a in FIG. 21, in 
formation of buffer layer 217, an ammonia gas may be Sup 
plied to the reaction chamber. Instead of an ammonia gas, as 
indicated by a dashed line 237b, a nitrogen gas may be used. 
Further, an ammonia gas and a nitrogen gas may both be used. 
As a result of this, the nitrogen concentration of the buffer 
layer 111 is increased, so that minute crystal grains and/or 
conical or pyramidal crystal regions are formed as the crystal 
regions. 

In the buffer layer 111 formed by such a method, the 
nitrogen concentration which is measured by secondary ion 
mass spectrometry has a peak at the interface between the 
semiconductor layer 109 and the buffer layer 111 and is 
constant in the direction in which the semiconductor layer 
109 is deposited. 

Note that in the description above, since the buffer layer 
111 is formed in the same treatment chamber as that where the 
semiconductor layer 109 is formed, after the semiconductor 
layer 109 is formed, cleaning treatment and precoating treat 
ment are performed; however, this embodiment may be car 
ried out in combination with Embodiment 5. That is, after the 
semiconductor layer 109 is deposited, cleaning treatment 227 
and precoating treatment 233 are performed, and a silicon 
nitride layer is formed in the treatment chamber 241, flush 
treatment 213 may be performed. 

Through the above steps, a thin film transistor with high 
on-current as compared to a thin film transistor in which an 
amorphous semiconductor is included in a channel formation 
region and with low off-current as compared to a thin film 
transistor in which a microcrystalline semiconductor is 
included in a channel formation region can be manufactured. 

Embodiment 7 

In Embodiment 7, a formation process of a buffer layer 
which can be applied to Embodiment 5 will be described. 
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In this embodiment, by mixing nitrogen into a deposition 

gas for forming the buffer layer 111, the oxygen concentra 
tion is Suppressed low and the nitrogen concentration is made 
higher than the nitrogen concentration. Since a series of steps 
from a step of forming the gate insulating layer 107 to a step 
of forming the semiconductor layer 109 can be performed in 
a manner similar to those of Embodiment 5, here, a series of 
steps from a step of forming the semiconductor layer 109 to a 
step of forming the impurity semiconductor layer 113 will be 
described with reference to FIG. 22. 
The semiconductor layer 109 is formed over the gate insu 

lating layer 107. In a later step, the semiconductor layer 109 
is patterned into the semiconductor layer 115. First, source 
gases used for depositing the semiconductor layer 109 are 
introduced to a treatment chamber. Here, as an example, in a 
manner similar to that of Embodiment 5, a microcrystalline 
silicon layer with a thickness of about 50 nm is formed as the 
semiconductor layer 109. After that, the plasma discharge is 
stopped (formation of semiconductor layer 211 in FIG. 22). 
Then, these gases are exhausted and gases used for depositing 
the buffer layer 111 are introduced (replacement of gases 215 
in FIG.22). 

Next, the buffer layer 111 is formed over the semiconduc 
tor layer 109. In a later step, the buffer layer 111 is patterned 
into the buffer layer 131. Here, a silicon layer including 
crystal regions in an amorphous structure with a thickness of 
about 80 nm is formed as the buffer layer 111. The deposition 
condition at this time is as follows: as for the Source gases, the 
flow rate of SiH is 20 sccm, the flow rate of His 1480 sccm, 
and the flow rate of 1000 ppm NH (diluted with hydrogen) is 
20 sccm, the pressure in the treatment chamber is 280 Pa, the 
temperature of the substrate is 280°C., and the output power 
is 50 W: plasma discharge is performed under this condition. 
After that, the plasma discharge is stopped (formation of 
buffer layer 217 in FIG.22). Then, these gases are exhausted 
and gases used for depositing the impurity semiconductor 
layer 113 are introduced (replacement of gases 219 in FIG. 
22). In a manner similar to that of Embodiment 5, the impurity 
semiconductor layer 113 is formed (formation of impurity 
semiconductor layer 221 in FIG. 22). 

In the above example, with regard to the Source gases for 
forming the semiconductor layer 109, the flow rate of H is 
150 times that of SiH: therefore, silicon is deposited gradu 
ally. 

Note that instead of an ammonia gas, as indicated by a 
dashed line 238, a nitrogen gas may be used. 
The source gases of the buffer layer 111 of this embodi 

ment contain nitrogen. As described above, nitrogen Sup 
presses crystal growth. Therefore, as the buffer layer 111 is 
deposited, crystal growth in which the semiconductor layer 
109 is used as seed crystals is inhibited due to the flow rate of 
the ammonia gas, whereby regular conical or pyramidal crys 
tal regions grow and/or minute crystal grains are formed. In 
this process, inverted conical or pyramidal crystal regions 
may also be formed. 

In the buffer layer 111 formed by such a method, the 
nitrogen concentration which is measured by secondary ion 
mass spectrometry is constant. 
As described above, nitrogen is contained in the gases used 

in depositing the buffer layer, whereby the oxygen concen 
tration can be Suppressed low and the nitrogen concentration 
can be made higher than the oxygen concentration, and thus a 
semiconductor layer including crystal regions can be formed. 

Embodiment 8 

A method for manufacturing a semiconductor layer includ 
ing crystal regions in an amorphous structure in which the 
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nitrogen concentration distribution is different from those in 
Embodiments 5 to 7 will be described with reference to FIG. 
23 and FIG. 24. 

In this embodiment, nitrogen is added to the buffer layer 
111 in such a manner that in Embodiment 6, after the forma- 5 
tion of semiconductor layer 211, a gas containing nitrogen is 
introduced to the reaction chamber by flush treatment 213, 
and during formation of the buffer layer 111, a gas containing 
nitrogen is introduced again to the reaction chamber as indi 
cated by a solid line 239c (FIG. 23). As the gas containing 10 
nitrogen, here, an ammonia gas is used. Note that instead of an 
ammonia gas, a nitrogen gas may be used as indicated by a 
dashed line 239d. Further, an ammonia gas and a nitrogen gas 
may both be used. As a result, at the early stage of deposition 
of the buffer layer 111 and during deposition of the buffer 15 
layer 111, the nitrogen concentration is made high to disturb 
crystal growth. Consequently, as illustrated in FIG. 3B-3, 
growth of the crystal region 131f stops at a given point of the 
buffer layer 131, and the amorphous structure is deposited on 
the upper surface of the crystal region 131f. In addition, a 20 
minute crystal grain is formed above the crystal region 131f. 

Further, as illustrated in FIG.3B-4, after the crystal region 
grows from the early stage of deposition, the gas containing 
nitrogen is introduced to the reaction chamber. At this time, 
the nitrogen concentration in the buffer layer 111 is increased, 25 
and the growth of the crystal region stops. After that, the 
nitrogen concentration in the buffer layer 111 is reduced, so 
that a crystal nucleus is formed and the crystal grows, and the 
structure 131g in which a plurality of inverted conical or 
pyramidal crystal regions are stacked can be obtained. 30 

Alternatively, nitrogen is added to the buffer layer 111 in 
such a manner that in Embodiment 7, after formation of the 
semiconductor layer, a silicon nitride layer is formed in the 
reaction chamber, and during formation of the buffer layer 
111, a gas containing nitrogen is introduced again to the 35 
reaction chamber as indicated by a solid line 239c (FIG. 24). 
As a gas containing nitrogen, here, an ammonia gas is used. 
Note that instead of an ammonia gas, a nitrogen gas may be 
used as indicated by a dashed line 239d. Further, an ammonia 
gas and a nitrogen gas may both be used. As a result, at the 40 
early stage of deposition of the buffer layer 111 and during 
deposition of the buffer layer 111, the nitrogen concentration 
is made high so as to disturb crystal growth. Consequently, as 
illustrated in FIG. 3B-3, growth of the crystal region 131f 
stops at a given point of the buffer layer 131, and the amor- 45 
phous structure is deposited on the upper Surface of the crystal 
region 131f. In addition, a minute crystal grain is formed 
above the crystal region 131f. 

Further, as illustrated in FIG.3B-4, after the crystal region 
grows from the early stage of deposition, a gas containing 50 
nitrogen is introduced to the reaction chamber. At this time, 
the nitrogen concentration in the buffer layer 111 is increased, 
and the growth of the crystal region stops. After that, the 
nitrogen concentration in the buffer layer 111 is reduced, so 
that a crystal nucleus is formed and the crystal grows, and the 55 
structure 131g in which a plurality of inverted conical or 
pyramidal crystal regions are stacked can be obtained. 
As described above, the size of the crystal region is con 

trolled by the nitrogen concentration on an upper side of the 
buffer layer, that is, on the side of the source and drain regions, 60 
whereby the proportion of crystal regions can be reduced, so 
that off-current of a thin film transistor can be reduced. 

Embodiment 9 
65 

In Embodiment 9, a method for manufacturing the thin film 
transistor described in Embodiment 4 will be described. Also 

38 
in this embodiment, a method for manufacturing an n-channel 
thin film transistor will be described. 

In a manner similar to that of Embodiment 5, a gate elec 
trode layer 103 and a capacitor wiring 105 are formed over a 
substrate 101 through a first photolithography process. 

Next, a gate insulating layer 107, a semiconductor layer 
141 including crystal regions in an amorphous structure, an 
impurity semiconductor layer 113, and a conductive layer 
121 are formed so as to cover the gate electrode layer 103. 
After that, a resist mask 143 is formed over the conductive 
layer 121 through a second photolithography process (FIG. 
26A). 
The gate insulating layer 107, the semiconductor layer 141 

including crystal regions in an amorphous structure, and the 
impurity semiconductor layer 113 may be formed by the 
method in Embodiment 5 except the cleaning treatment 227 
of reaction chamber, the precoating treatment 229, the load 
231, the replacement of gases 209, and the formation of 
semiconductor layer 211. Specifically, as a method for form 
ing the gate insulating layer 107, the steps from the pretreat 
ment 201 to the formation of SiON 207 in FIG. 20 are carried 
out. Next, as a method for forming the semiconductor layer 
141 including crystal regions in an amorphous structure, the 
steps from the flush treatment 213 to the formation of buffer 
layer 217 are carried out. Then, as a method for forming the 
impurity semiconductor layer 113, the steps from the replace 
ment of gases 219 to the exhaust of gas 223 are carried out. 

Instead of the above formation methods, the steps of 
Embodiment 6 except the formation of semiconductor layer 
211 may be carried out. Specifically, as a method for forming 
the gate insulating layer 107, the steps from the pretreatment 
201 to the formation of SiON 207 in FIG. 20 are carried out. 
Next, as a method for forming the semiconductor layer 141 
including crystal regions in an amorphous structure, the steps 
from the unload 225 to the formation of buffer layer 217 in 
FIG. 21 are carried out. Then, as a method for forming the 
impurity semiconductor layer 113, the steps from the replace 
ment of gases 219 to the exhaust of gas 223 are carried out. 

Further, instead of the above formation methods, the steps 
of Embodiment 7 except the formation of semiconductor 
layer 211 may be carried out. Specifically, as a method for 
forming the gate insulating layer 107, the steps from the 
pretreatment 201 to the formation of SiON 207 in FIG.20 are 
carried out. Next, as a method for forming the semiconductor 
layer 141 including crystal regions in an amorphous structure, 
the steps from the replacement of gases 215 to the formation 
of buffer layer 217 in FIG. 22 are carried out. Then, as a 
method for forming the impurity semiconductor layer 113, 
the steps from the replacement of gases 219 to the exhaust of 
gas 223 are carried out. 
The resist mask 143 has two regions with different thick 

nesses and can beformed using a multi-tone mask. The multi 
tone mask is used, so that the number of photomasks to be 
used and the number of manufacturing steps are reduced, 
which is preferable. In this embodiment, the multi-tone mask 
can be used in a step of forming a pattern of the semiconduc 
tor layer and a step of separating the semiconductor layer into 
a source region and a drain region. 
A multi-tone mask is a mask capable of light exposure with 

multi-level amount of light, and typically, light exposure is 
performed with three levels of light amount to provide an 
exposed region, a half-exposed region, and an unexposed 
region. When the multi-tone mask is used, one-time light 
exposure and development process allow a resist mask with 
plural thicknesses (typically, two kinds of thicknesses) to be 
formed. Therefore, by using a multi-tone mask, the number of 
photomasks can be reduced. 
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FIGS. 30A-1 and 30B-1 are cross-sectional views of typi 
cal multi-tone masks. FIG.30A-1 illustrates a gray-tone mask 
180 and FIG. 30B-1 illustrates a half-tone mask 185. 
The gray-tone mask 180 illustrated in FIG.30A-1 includes 

a light-shielding portion 182 formed using a light-shielding 
layer on a Substrate 181 having a light-transmitting property, 
and a diffraction grating portion 183 provided with a pattern 
of the light-shielding layer. 
The diffraction grating portion 183 has slits, dots, mesh, or 

the like that is provided at intervals which are less than or 
equal to the resolution limit of light used for the exposure, 
whereby the light transmittance can be controlled. Note that 
the slits, dots, or mesh provided at the diffraction grating 
portion 183 may be provided periodically or non-periodi 
cally. 
As the Substrate 181 having a light-transmitting property, a 

quartz. Substrate or the like can be used. The light-shielding 
layer for forming the light-shielding portion 182 and the 
diffraction grating portion 183 may be formed using chro 
mium, chromium oxide, or the like. 

In the case where the gray-tone mask 180 is irradiated with 
light for light exposure, as illustrated in FIG. 30A-2, the 
transmittance in the region overlapping with the light-shield 
ing portion 182 is 0%, and the transmittance in the region 
where both the light-shielding portion 182 and the diffraction 
grating portion 183 are not provided is 100%. Further, the 
transmittance at the diffraction grating portion 183 is 
approximately in the range of 10 to 70%, which can be 
adjusted by the interval of slits, dots, or mesh of the diffrac 
tion grating, or the like. 

The half-tone mask 185 illustrated in FIG. 30B-1 includes 
a semi-light-transmitting portion 187 which is formed on a 
Substrate 186 having a light-transmitting property, using a 
semi-light-transmitting layer, and a light-shielding portion 
188 formed using a light-shielding layer. 
The semi-light-transmitting portion 187 can be formed 

using a layer of MoSiN, MoSi, MoSiO, MoSiON, CrSi, or the 
like. The light-shielding portion 188 may be formed using 
chromium, chromium oxide, or the like, similarly to the light 
shielding layer of the gray-tone mask. 

In the case where the half-tone mask 185 is irradiated with 
light for light exposure, as illustrated in FIG. 30B-2, the 
transmittance in the region overlapping with the light-shield 
ing portion 188 is 0%, and the transmittance in the region 
where both the light-shielding portion 188 and the semi-fight 
transmitting portion 187 are not provided is 100%. Further, 
the transmittance in the semi-light-transmitting portion 187 is 
approximately in the range of 10 to 70%, which can be 
adjusted by the kind, the thickness, or the like of the material 
to be used. 
By light exposure using the multi-tone mask and develop 

ment, a resist mask which has regions having different thick 
nesses can be formed. 

Next, with the use of the resist mask 143, the semiconduc 
tor layer 141 including crystal regions in an amorphous struc 
ture, the impurity semiconductor layer 113, and the conduc 
tive layer 121 are etched. Through this step, the 
semiconductor layer 141 including crystal regions in an 
amorphous structure, the impurity semiconductor layer 113, 
and the conductive layer 121 are separated into each element 
to form a semiconductor layer 145 including crystal regions 
in an amorphous structure, an impurity semiconductor layer 
147, and a conductive layer 149 (FIG. 26B). 

Next, the resist mask 143 is made to recede to form a resist 
mask 151. Ashing using oxygen plasma may be performed in 
order that the resist mask is made to recede. Here, ashing is 
performed on the resist mask 143 so that the resist mask 143 
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is separated over the gate electrode. As a result, the resist 
mask 151 is separated (FIG. 27A). 

Next, the conductive layer 149 is etched using the resist 
mask 151 to form a wiring layer 153 and a wiring layer 155 
(FIG. 27B). The wiring layer 153 and the wiring layer 155 
form a source electrode and a drain electrode. The conductive 
layer 149 is preferably etched in a manner similar to that of 
the conductive layer 121 described in Embodiment 5. 

Next, in a state where the resist mask 151 is formed, part of 
the semiconductor layer 145 including crystal regions in an 
amorphous structure and the impurity semiconductor layer 
147 are etched to form a semiconductor layer 159 including 
crystal regions in an amorphous structure and source and 
drain regions 157 (FIG. 27C). After that, the resist mask 151 
is removed. FIG. 29A is a top view of FIG. 27C. 

Next, dry etching may be performed in a manner similar to 
that of Embodiment 1. Further, the surface of the semicon 
ductor layer 159 including crystal regions in an amorphous 
structure may be irradiated with water plasma ammonia 
plasma, nitrogen plasma, or the like. 

Through the steps described above, a thin film transistor 
according to this embodiment can be manufactured. Like the 
thin film transistor described in Embodiment 5, the thin film 
transistor according to this embodiment can also be applied to 
a Switching transistorina pixel of a display device typified by 
a liquid crystal display device. Therefore, an insulating layer 
133 is formed so as to cover this thin film transistor (FIG. 
28A). 

Next, an opening 134 and an opening 160 are formed in the 
insulating layer 133. The opening 134 and the opening 160 
can be formed using a resist mask formed through a third 
photolithography process. After that, a pixel electrode layer 
135 is provided over the insulating layer 133 through a fourth 
photolithography process so that connection is obtained 
through the openings 134 and 160. In such a manner, a Switch 
ing transistorina pixel of a display device which is illustrated 
in FIG. 28B can be manufactured. 

Note that although not illustrated, an insulating layer 
formed using an organic resin by a spin coating method or the 
like may be formed between the insulating layer 133 and the 
pixel electrode layer 135. 

After that, as in Embodiment 5, in a vertical alignment 
(VA) liquid crystal display device, in the case of employing a 
multi-domain vertical alignment mode (so-called MVA 
mode) in which a pixel is divided into a plurality of portions 
and the alignment of liquid crystal molecules is made differ 
ent depending on each portion of the pixel for viewing angle 
expansion, a protrusion 137 is preferably formed over the 
pixel electrode layer 135 (FIG. 28C). FIG. 29B is a top view 
of FIG. 28C at this time. 

Through the steps described above, an element substrate 
which can be used for a liquid crystal display device and 
which has a thin film transistor with high on-current as com 
pared to a thin film transistor in which an amorphous semi 
conductor is included in a channel formation region and with 
low off-current as compared to a thin film transistor in which 
a microcrystalline semiconductor is included in a channel 
formation region can be manufactured with a smaller number 
of masks than that in Embodiment 5. 

Embodiment 10 

In Embodiment 10, regarding the thin film transistor 
described in Embodiment 3, a method for manufacturing the 
thin film transistor illustrated in FIG. 11 will be described. In 
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this embodiment, the semiconductor layer 141 including 
crystal regions in an amorphous structure is formed through 
two different conditions. 
A method for forming the gate electrode layer is the same 

as that in Embodiment 5; thus, a series of steps from a step of 5 
forming the gate insulating layer 107 to a step of forming the 
impurity semiconductor layer 113 are described below with 
reference to FIG. 25. 

First, a substrate over which the gate electrode layer 103 is 
formed is heated in the treatment chamber 241 of a CVD 
apparatus, and in order to form a silicon nitride layer as the 
gate insulating layer 107, Source gases used for depositing a 
silicon nitride layer are introduced to the treatment chamber 
241 (pretreatment 201 in FIG. 25). 

Next, as the gate insulating layer 107, a silicon nitride layer 
is formed. For the deposition condition at this time, the con 
dition at the time of the formation of SiN 203 described in 
Embodiment 5 can be used. 

Next, source gases used for deposition of the semiconduc 
tor layer 141 including crystal regions in an amorphous struc 
ture are introduced to the treatment chamber 241 (replace 
ment of gases 209 in FIG. 25). Then, part of the 
semiconductor layer including crystal regions in an amor 
phous structure is formed over the gate insulating layer 107 
under a first condition; consequently, inverted conical or 
pyramidal crystal regions can beformed like the semiconduc 
tor layer 132i illustrated in FIGS. 13A to 13B-3. 

In the case where the outermost Surface of the gate insu 
lating layer 107 is not a silicon nitride layer, as described in 
Embodiment 5, after the gate insulating layer 107 is formed, 
the flush treatment 213 illustrated in FIG. 20 may be carried 
out and nitrogen may be adsorbed onto the Surface of the gate 
insulating layer 107, and then replacement of gases 209 and 
formation of semiconductor layer 211 may be carried out. 
Alternatively, as described in Embodiment 6, after the gate 
insulating layer 107 is formed, the precoating treatment 233 
illustrated in FIG. 21 may be carried out and a silicon nitride 
layer may be formed in the treatment chamber. After that, the 
replacement of gases 209 and the formation of semiconductor 
layer 211 may be carried out. 

Through the first condition, nitrogen is Supplied to the 
surface of the gate insulating layer 107. As described above, 
nitrogen inhibits generation of nucleus of silicon. Therefore, 
nuclei of silicon crystals are not likely to be generated in the 
early stage of the deposition of the semiconductor layer. The 
semiconductor layer is deposited while the nitrogen concen 
tration is reduced. When the nitrogen concentration is less 
than or equal to a given value, crystal nuclei are generated, 
and after that, the crystal nuclei grow, so that the conical or 
pyramidal crystal regions or the minute crystal grains are 
formed. 

Next, the gases used for deposition of the semiconductor 
layer 141 including crystal regions in anamorphous structure 
are introduced (replacement of gases 215 in FIG. 25). Here, 
the other part of the semiconductor layer including crystal 
regions in an amorphous structure is formed under a second 
condition. Here, a gas containing nitrogen is used for the 
source gases, similarly to the formation of buffer layer 217 
described in Embodiment 7. Consequently, regular conical or 
pyramidal crystal regions are formed like the semiconductor 
layer 132i illustrated in FIGS. 13A to 13B-3. 

With the use of the second condition, the semiconductor 
layer 132i is deposited while controlling the crystal growth. 
Therefore, the crystal growth in which the crystal regions 
included in the semiconductor layer 132i are used as seed 
crystals is controlled, whereby a structure in which the width 
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of each of the crystal regions is narrowed can be obtained, that 
is, regular conical or pyramidal crystal regions can beformed. 

Then, as a method for forming the impurity semiconductor 
layer 113, steps from replacement of gases 219 to exhaust of 
gas 223 are carried out. 

Through the above steps, over the gate insulating layer 107. 
a semiconductor layer including the crystal regions 132h 
having a quadrangular shape each angle of which is not 90°, 
typically, a diamond shape in the amorphous structure 131b 
can be formed. 
An element substrate which can be used for a liquid crystal 

display device and which has a thin film transistor with high 
on-current as compared to a thin film transistor in which an 
amorphous semiconductor is included in a channel formation 
region and with low off-current as compared to a thin film 
transistor in which a microcrystalline semiconductor is 
included in a channel formation region can be manufactured. 

Embodiment 11 

In Embodiment 11, a structure of a thin film transistor 
which can reduce contact resistance will be described. Spe 
cifically, the source and drain regions described in Embodi 
ments 1 to 9 are formed using a semiconductor layer contain 
ing an impurity element imparting one conductivity type and 
nitrogen (hereinafter referred to as an impurity semiconduc 
tor layer containing nitrogen). 
An impurity semiconductor layer containing nitrogen is 

formed by combining steps of forming the impurity semicon 
ductor layer and the buffer layer in Embodiments 5 to 7. 
Specifically, in the case of combining the step of formation of 
the semiconductor layer including crystal regions in an amor 
phous structure and the step of formation of the impurity 
semiconductor layer described in Embodiment 5, in FIG. 20. 
flush treatment 213 is performed between the formation of 
buffer layer 217 and the replacement of gases 219, whereby 
the nitrogen concentration on the surface of the buffer layer 
may be made higher and the nitrogen concentration in the 
impurity semiconductor layer may be made higher. 

Alternatively, in the case of combining a step of forming 
the semiconductor layer including crystal regions in an amor 
phous structure and a step of forming the impurity semicon 
ductor layer which are described in Embodiment 6, in FIG. 
21, the steps from unload 225 to load 231 are performed 
between formation of buffer layer 217 and replacement of 
gases 219, and a silicon nitride layer is formed on the inner 
wall of the reaction chamber, whereby the nitrogen concen 
tration in the reaction chamber may be made higher and the 
nitrogen concentration in the impurity semiconductor layer 
may be made higher. 

Further alternatively, in the case of combining a step of 
forming the semiconductor layer including crystal regions in 
an amorphous structure and a step of forming the impurity 
semiconductor layer which are described in Embodiment 7, 
in a step of formation of impurity semiconductor layer 221 in 
FIG. 22, an ammonia gas or a nitrogen gas is introduced, 
whereby the nitrogen concentration in the impurity semicon 
ductor layer may be made higher. 

In addition to an impurity element imparting one conduc 
tivity type, nitrogen is contained in the Source and drain 
regions, whereby the defect levels of the source and drain 
regions can be reduced. In addition, in addition to an impurity 
element imparting one conductivity type, an NH group or an 
NH group is contained in the Source and drain regions in 
Some cases, and defect levels in the source region and the 
drain region can be reduced with this structure. Therefore, the 
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electric conductivity between the source and drain regions 
can be increased and contact resistance can be reduced. 

Embodiment 12 

The thin film transistors described in Embodiments 1 to 4 
can be used for light-emitting display devices or light-emit 
ting devices. AS light-emitting elements used for light-emit 
ting display devices or light-emitting devices, typically, light 
emitting elements utilizing electroluminescence can be 
given. Light-emitting elements utilizing electroluminescence 
are roughly classified according to whether a light-emitting 
material is an organic compound or an inorganic compound. 
In general, the former is referred to as organic EL elements 
and the latter as inorganic EL elements. 

Further, a light-emitting element is formed over the ele 
ment substrate as described in Embodiments 5 and 11, 
whereby a light-emitting display device or a light-emitting 
device can be manufactured. 

Since the thin film transistor having high on-current and 
low off-current is used as a pixel transistor in the light-emit 
ting display device and the light-emitting device of this 
embodiment, a light-emitting display device and a light-emit 
ting device having preferable image quality (for example, 
high contrast) and low power consumption can be manufac 
tured. 

Embodiment 13 

Next, an example of a structure of a display panel included 
in a display device to which any of the above embodiments 
can be applied will be described below. 

FIG. 31A illustrates a mode of a display panel in which 
only a signal line driver circuit 303 is formed separately to be 
connected to a pixel portion 302 formed over a substrate 301. 
An element substrate provided with the pixel portion 302, a 
protective circuit 306, and a scanning line driver circuit 304 is 
formed using the thin film transistor described in any of 
Embodiments 1 to 12. The signal line driver circuit 303 may 
be formed with a transistor using a single crystal semicon 
ductor for a channel formation region, a thin film transistor 
using a polycrystalline semiconductor for a channel forma 
tion region, or a transistor using silicon on insulator (SOI) for 
a channel formation region. The transistor using SOI for a 
channel formation region includes a transistor using a single 
crystal semiconductor layer provided over a glass Substrate 
for a channel formation region. To each of the pixel portion 
302, the signal line driver circuit 303, and the scanning line 
driver circuit 304, potential of a power source, various sig 
nals, and the like are supplied through an FPC 305. The 
protective circuit 306 formed using the thin film transistor 
described in any of embodiments 1 to 12 may be provided 
between the signal line driver circuit 303 and the FPC 305 
and/or between the signal line driver circuit 303 and the pixel 
portion 302. As the protective circuit 306, one or more ele 
ments selected from a thin film transistor with another struc 
ture, a diode, a resistive element, a capacitor, and the like may 
be used. 

Note that the signal line driver circuit and the scanning line 
driver circuit may both beformed over a substrate over which 
a pixel transistor of the pixel portion is formed. 

Further, when the driver circuit is separately formed, a 
substrate provided with the driver circuit is not always nec 
essary to be attached to a substrate provided with the pixel 
portion, and may be attached to, for example, the FPC. FIG. 
31B illustrates a mode of a display panel in which an element 
substrate provided with a pixel portion 312, a protective cir 
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cuit 316, and a scanning line driver circuit 314 which are 
formed over a substrate 311 is connected to an FPC 315, with 
only a signal line driver circuit 313 formed separately. The 
pixel portion 312, the protective circuit 316, and the scanning 
line driver circuit 314 are formed using the thin film transistor 
described in any of the above embodiments. The signal line 
driver circuit 313 is connected to the pixel portion 312 
through the FPC 315 and the protection circuit 316. To each of 
the pixel portion 312, the signal line driver circuit 313, and the 
scanning line driver circuit 314, potential of a power source, 
various signals, and the like are supplied through the FPC 
315. The protective circuit 316 may also be provided between 
the FPC 315 and the pixel portion 312. 

Furthermore, only part of the signal line driver circuit or 
part of the scanning line driver circuit may be formed over a 
substrate over which the pixel portion is formed, using the 
thin film transistor described in any of the above embodi 
ments, and the rest may be formed separately and electrically 
connected to the pixel portion. FIG. 31C illustrates the mode 
of a display panel in which an analog Switch 323a included in 
a signal line driver circuit is formed over a substrate 321, over 
which a pixel portion 322 and a scanning line driver circuit 
324 are formed, and a shift register 323b included in the signal 
line driver circuit is separately formed over a different sub 
strate and then attached to the substrate 321. The pixel portion 
322, a protective circuit 326, and the scanning line driver 
circuit 324 are each formed using the thin film transistor 
described in any of the above embodiments. The shift register 
323b included in the signal line driver circuit is connected to 
the pixel portion 322 through the analog switch 323a and the 
protective circuit 326. To each of the pixel portion 322, the 
signal line driver circuit, and the scanning line driver circuit 
324, potential of a power Source, various signals, and the like 
are supplied through an FPC 325. The protective circuit 326 
may also be provided between the FPC 325 and the analog 
Switch 323a. 
As illustrated in each of FIGS. 31A to 31C, in the display 

device of this embodiment, part or all of the driver circuits can 
beformed using the thin film transistor described in any of the 
above embodiments over a substrate over which the pixel 
portion is formed. 

Note that a connection method of a substrate which is 
separately formed is not particularly limited, and a known 
COG method, wire bonding method, TAB method, or the like 
can be used. In addition, a position for connection is not 
limited to the positions illustrated in FIGS. 31A to 31C as 
long as electrical connection is possible. A controller, a CPU, 
a memory, or the like may be formed separately and con 
nected. 

Note that the signal line driver circuit used in this embodi 
ment includes a shift register and an analog Switch. In addi 
tion to the shift register and the analog Switch, another circuit 
such as a buffer, a level shifter or a source follower may be 
included. The shift register and the analog Switch are not 
necessarily provided, and for example, a different circuit Such 
as a decoder circuit which can select signal lines may be used 
instead of the shift register, and a latch or the like may be used 
instead of the analog Switch. 

Embodiment 14 

An element substrate which is formed using the thin film 
transistor described in any of the above embodiments and a 
display device or the like using this element Substrate can be 
applied to an active-matrix display panel. That is, the above 
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embodiments can be applied to all the electronic devices 
including the element substrate and the display device or the 
like in a display portion. 

Examples of such electronic devices include a camera Such 
as a video camera or a digital camera, ahead-mounted display 
(a goggle-type display), a car navigation system, a projector, 
a car stereo, a personal computer, and a portable information 
terminal (such as a mobile computer, a cellular phone, or an 
e-book reader). Examples of these devices are illustrated in 
FIGS. 32A to 32D. 

FIG. 32A illustrates a television device. The television 
device can be completed by incorporating the display panel to 
which any of the above embodiments is applied into a hous 
ing. A main screen 333 is formed with the display panel, and 
a speaker portion 339, operation switches, or the like are 
provided as other additional accessories. 
As illustrated in FIG. 32A, a display panel 332 utilizing a 

display element is incorporated into a housing 331. In addi 
tion to reception of general television broadcast by a receiver 
335, communication of information in one direction (from a 
transmitter to a receiver) or in two directions (between a 
transmitter and a receiver or between receivers) can be per 
formed by connection to a wired or wireless communication 
network through a modem 334. Operation of the television 
device can be performed by the switch incorporated into the 
housing or a remote control device 336. This remote control 
device 336 may also be provided with a display portion 337 
for displaying output information. Further, the display por 
tion 337 may also be provided with the thin film transistor 
described in any of the above embodiments. Further, the 
television device may include a sub screen 338 formed with a 
second display panel to display channels, volume, or the like, 
in addition to the main screen 333. In this structure, the thin 
film transistor described in any of Embodiments 1 to 12 can 
be applied to one or both of the main screen 333 and the sub 
Screen 338. 

FIG.33 is a block diagram illustrating a main structure of 
a television device. A display panel is provided with a pixel 
portion 371. A signal line driver circuit 372 and a scanning 
line driver circuit 373 may be mounted on the display panel by 
a COG method. 
As another external circuit, a video signal amplifier circuit 

375 that amplifies a video signal among signals received by a 
tuner 374; a video signal processing circuit 376 that converts 
the signals outputted from the video signal amplifier circuit 
375 into chrominance signals corresponding to colors of red, 
green, and blue; a control circuit 377 that converts the video 
signal into an input specification of the driver 1C, and the like 
are provided on an input side of the video signal. The control 
circuit 377 outputs a signal to both a scanning line side and a 
signal line side. In the case of digital driving, a structure may 
be employed in which a signal dividing circuit 378 is provided 
on the signal line side and an input digital signal is divided 
into m pieces to be supplied. 
Among the signals received by the tuner 374, an audio 

signal is transmitted to an audio signal amplifier circuit 379, 
and an output thereof is supplied to a speaker 383 through an 
audio signal processing circuit 380. A control circuit 381 
receives control information of a receiving station (received 
frequency) or a sound Volume from an input portion 382, and 
transmits signals to the tuner 374 and the audio signal pro 
cessing circuit 380. 

Needless to say, this embodiment is not limited to a tele 
vision device, and can be applied to monitors of personal 
computers, or display media having a large area, such as 
information display boards in railway stations, airports, and 
the like, and street-side advertisement display boards. 
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As described above, a television device having high image 

quality and low power consumption can be manufactured by 
applying the thin film transistor described in any of the above 
embodiments to one or both of the main screen 333 and the 
Sub Screen 338. 

FIG. 32B illustrates one example of a cellular phone 341. 
The cellular phone 341 includes a display portion 342, an 
operation portion 343, and the like. The image quality thereof 
can be improved and the power consumption thereof can be 
reduced by applying, to the display portion 342, the thin film 
transistor described in any of the above embodiments. 
A portable computer illustrated in FIG. 32C includes a 

main body 351, a display portion 352, and the like. The image 
quality thereof can be improved and the power consumption 
thereof can be reduced by applying, to the display portion 
352, the thin film transistor described in Embodiment 1 or the 
like. 
FIG.32D illustrates a desk lamp, which includes a lighting 

portion 361, a shade 362, an adjustable arm 363, a support 
364, a base 365, a power source switch 366, and the like. The 
desk lamp is manufactured using, for the lighting portion 361, 
the light-emitting device which is described in the above 
embodiment. The image quality thereof can be improved and 
the power consumption thereof can be reduced by applying, 
to the lighting portion361, the thin film transistor described in 
Embodiment 1 or the like. 

FIGS. 34A to 34C illustrate an example of a structure of a 
cellular phone, and an element Substrate having the thin film 
transistor described in any of the above embodiments and a 
display device having the element Substrate are applied to, for 
example, a display portion thereof. FIG. 34A is a front view, 
FIG.34B is a rear view, and FIG.34C is a development view. 
The cellular phone illustrated in FIG. 34A to 34C includes 
two housings, a housing 394 and a housing 385. The cellular 
phone illustrated in FIGS. 34A to 34C, which is also referred 
to as a Smartphone, has both of functions of a cellular phone 
and a portable information terminal, incorporates a computer, 
and can perform a variety of data processing in addition to 
Voice calls. 
The cellular phone includes two housings, the housing 394 

and the housing 385. The housing 394 includes a display 
portion 386, a speaker 387, a microphone 388, operation keys 
389, a pointing device 390, afront camera lens 391, ajack392 
for an external connection terminal, an earphone terminal 
393, and the like, while the housing 385 includes a keyboard 
395, an external memory slot, a rear camera 396, a light 398, 
and the like. In addition, an antenna is incorporated into the 
housing 394. 

In addition to the structure described above, a non-contact 
IC chip, a small size memory device, or the like can be 
incorporated therein. 
The housings 394 and 385 are overlapped with each other 

in FIG. 34A and slid from a state illustrated in FIG. 34A, and 
the cellular phone is opened as illustrated in FIG. 34C. In the 
display portion 386, the display device described in any of the 
above embodiments can be incorporated, and a display direc 
tion can be changed as appropriate depending on a use mode. 
Note that since the front camera lens 391 is provided in the 
same plane as the display portion 386, the cellular phone can 
be used as a videophone. A still image and a moving image 
can be taken by the rear camera 396 and the light 398 by using 
the display portion 386 as a viewfinder. 
The speaker 387 and the microphone 388 can be used for 

Videophone, recording and playing sound, and the like with 
out being limited to voice calls. With the use of the operation 
keys 389, operation of incoming and outgoing calls, simple 
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information input such as electronic mail, Scrolling of a 
screen, cursor motion, and the like are possible. 

If much information needs to be treated. Such as documen 
tation, use as a portable information terminal, and the like, it 
is convenient to use the keyboard 395. The housings 394 and 
385 that are overlapped with each other (FIG.34A) can be slid 
and the cellular phone is opened as illustrated in FIG.34C, so 
that the cellular phone can be used as a portable information 
terminal. In addition, with the use of the keyboard 395 and the 
pointing device 390, Smooth operation is possible. An AC 
adaptor and various types of cables such as a USB cable can 
be connected to the jack 392 for an external connection ter 
minal, through which charging and data communication with 
a personal computer or the like are possible. Moreover, by 
inserting a recording medium into the external memory slot, 
a large amount of data can be stored and transferred. 

In the rear surface of the housing 385 (FIG. 34B), the rear 
camera 396 and the light 398 are provided, and a still image 
and a moving image can be taken by using the display portion 
386 as a viewfinder. 

Further, the cellular phone may have an infrared commu 
nication function, a USB port, a function of receiving one 
segment television broadcast, a non-contact IC chip, an ear 
phone jack, or the like, in addition to the above structures. 
The image quality can be improved and the power con 

Sumption can be reduced by applying, to a pixel, the thin film 
transistor described in any of the above embodiments. 

Example 1 

In Example 1, an image of a cross section of the thin film 
transistor manufactured according to Embodiment 6, which 
is observed by scanning transmission electron microscopy 
(STEM), is shown in FIGS. 35A and 35B. 

First, a manufacturing process of the thin film transistor 
will be described with reference to FIGS. 15A to 15C and 
16A to 16C. 
Agate electrode layer 103 was formed over a substrate 101. 
Here, as the substrate 101, a glass substrate with a thickness 

of 0.7 mm (EAGLE2000, manufactured by Corning, Inc.) 
was used. 
A molybdenum target was sputtered on the Substrate using 

argon ions with a flow rate of 50 sccm, so that a molybdenum 
layer with a thickness of 150 nm was formed. Next, after a 
resist was applied to the molybdenum layer, the resist was 
exposed to light with the use of a first photomask and devel 
oped, thereby forming a resist mask. 

Next, the molybdenum layer was etched using the resist 
mask, thereby forming the gate electrode layer 103, in this 
example, an inductively coupled plasma (ICP) etching appa 
ratus was used. The etching condition was as follows: the ICP 
power was 800W, the bias power was 100W, the pressure was 
1.5 Pa, and as for the etching gases, the flow rate of carbon 
fluoride was 25 sccm, the flow rate of chlorine was 25 sccm, 
and the flow rate of oxygen was 10 scem. 

After the etching, the resist mask was removed. 
Then, over the gate electrode layer 103 and the substrate 

101, a gate insulating layer 107, a semiconductor layer 109, a 
buffer layer 111, and an impurity semiconductor layer 113 
were formed Successively without being exposed to the atmo 
sphere (FIG. 15A). 

Here, as the gate insulating layer 107, a silicon nitride layer 
and a silicon oxynitride layer were stacked. First, a silicon 
nitride layer with a thickness of 110 nm was formed by a 
plasma CVD method. The deposition condition at this time 
was as follows: as for the source gases, the flow rate of SiHa 
was 40 sccm, the flow rate of H was 500 sccm, the flow rate 
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of N was 550 sccm, and the flow rate of NH was 140 seem, 
the pressure in the treatment chamber was 100 Pa, the tem 
perature of the substrate was 280°C., the RF power source 
frequency was 13.56MHz, and the power of the RF power 
source was 370 W.; plasma discharge was performed under 
this condition. Next, a silicon oxynitride layer with a thick 
ness of 110 nm was formed by a plasma CVD method. The 
deposition condition at this time was as follows: as for the 
source gases, the flow rate of SiH was 30 sccm and the flow 
rate of NO was 1200 sccm, the pressure in the treatment 
chamber was 40 Pa, the temperature of the substrate was 280° 
C., the RF power source frequency was 13.56MHz, and the 
power of the RF power source was 50 W: plasma discharge 
was performed under this condition. 

Then, the substrate 101 was carried out of the treatment 
chamber, and the inside of the treatment chamber was cleaned 
with an NF gas. After that, a source gas for forming a pro 
tective layer in the treatment chamber was introduced, and 
treatment to form anamorphous silicon layer as the protective 
layer inside of the treatment chamber was performed. The 
deposition condition at this time was as follows: as for the 
source gas, the flow rate of SiHa was 300 sccm, the pressure 
in the treatment chamber was 160 Pa, the temperature of the 
substrate was 280° C., the RF power source frequency was 
13.56MHz, and the power of the RF power source was 120 
W; plasma discharge was performed under this condition. 

After that, the substrate 101 was carried into the treatment 
chamber and a microcrystalline silicon layer with a thickness 
of 5 nm was formed as the semiconductor layer 109 over the 
gate insulating layer 107. The deposition condition at this 
time was as follows: as for the source gases, the flow rate of 
SiH was 10 sccm and the flow rate of H was 1500 sccm, the 
pressure in the treatment chamber was 280 Pa, the tempera 
ture of the substrate was 280°C., the RF power source fre 
quency was 13.56 MHz, and the power of the RF power 
source was 50 W, plasma discharge was performed under this 
condition. 

Next, as the buffer layer 111, a silicon layer including 
crystal regions in an amorphous structure with a thickness of 
55 nm was formed over the semiconductor layer 109. The 
deposition condition at this time was as follows: as for the 
source gases, the flow rate of SiH was 20 sccm, the flow rate 
of H was 1250 sccm, and the flow rate of 100 ppm NH 
(diluted with hydrogen) was 250 sccm, the pressure in the 
treatment chamber was 280 Pa, the temperature of the sub 
strate was 280°C., the RF power source frequency was 13.56 
MHz, and the power of the RE power source was 50 W: 
plasma discharge was performed under this condition. 

Next, as the impurity semiconductor layer 113, an amor 
phous silicon layer to which phosphorus was added with a 
thickness of 50 nm was formed over the buffer layer 111. The 
deposition condition at this time was as follows: as for the 
source gases, the flow rate of SiH was 100 sccm and the flow 
rate of 0.5% phosphine (diluted with hydrogen) was 170 
sccm, the deposition temperature was 280° C., the pressure 
was 170 Pa, the RF power source frequency was 13.56MHz, 
and the power of the RF power source was 60 W: plasma 
discharge was performed under this condition. 

Next, a resist was applied to the impurity semiconductor 
layer 113, and then exposed to light using a second photo 
mask and developed, thereby forming a resist mask. Next, 
with the use of the resist mask, the semiconductor layer 109, 
the buffer layer 111, and the impurity semiconductor layer 
113 were etched, whereby a semiconductor layer 115, a 
buffer layer 117, and an impurity semiconductor layer 119 
were formed (FIG.15B). Here, an ICP etching apparatus was 
used, and the etching condition was as follows: the ICP power 
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was 150 W, the bias power was 40 W, the pressure was 1.0 Pa, 
the etching gas was chlorine with a flow rate of 100 sccm, and 
the etching time was 78 seconds. 

Next, as illustrated in FIG.15C, a conductive layer 121 was 
formed so as to cover the gate insulating layer 107, the semi 
conductor layer 115, the buffer layer 117, and the impurity 
semiconductor layer 119. Here, a molybdenum target was 
sputtered using argon ions with a flow rate of 50 sccm, 
thereby forming a molybdenum layer with a thickness of 300 

. 

Next, a resist was applied to the conductive layer 121 and 
then exposed to light using a third photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
the conductive layer 121 was etched by wet etching, thereby 
forming wiring layers 123 and 125 as illustrated in FIG.16A. 
Note that the planar shape of each of the wiring layers 123 and 
125 was linear in this example. 

Next, with the use of the resist mask, the impurity semi 
conductor layer 119 was etched, so that source and drain 
regions 129 were formed. In this process, part of the surface 
of the buffer layer 117 was also etched, so that a buffer layer 
131 was obtained (FIG.16B). Here, an ICP etching apparatus 
was used, and the etching condition was as follows: the ICP 
power was 150 W, the bias power was 40 W, the pressure was 
1.0 Pa, the etching gas was chlorine with a flow rate of 100 
sccm, and the etching time was 33 seconds. The thickness of 
the buffer layer 131 at this time was 40 nm. After that, the 
resist mask was removed. 

Then, the surfaces of the buffer layer 131, and the source 
and drain regions 129 were irradiated with carbon fluoride 
plasma, whereby an impurity remaining on the buffer layer 
131 was removed. Here, an ICP etching apparatus was used, 
and the etching condition was as follows: the Source power 
was 1000 W, the bias power was 0 W, the pressure was 0.67 
Pa, the etching gas was carbon fluoride with a flow rate of 100 
sccm, and the etching time was 30 seconds. 

Next, as an insulating layer 133, a silicon nitride layer with 
a thickness of 300 nm was formed (FIG.16C). The deposition 
condition at this time was as follows: as for the source gases, 
the flow rate of SiH was 20 sccm, the flow rate of NH was 
220 sccm, the flow rate of nitrogen was 450 sccm, and the 
flow rate of hydrogen was 450 sccm, the pressure in the 
treatment chamber was 160 Pa, the temperature of the sub 
strate was 280°C., the RF power source frequency was 13.56 
MHz, and the power of the RF power source was 150 W: 
plasma discharge was performed under this condition. 

Next, a resist was applied to the insulating layer and then 
exposed to light using a fourth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the insulating layer was etched by dry etching, so that 
the wiring layer 125 was exposed. In addition, part of the 
insulating layer and part of the gate insulating layer 107 were 
etched by dry etching, so that the gate electrode layer 103 was 
exposed. Here, an ICP etching apparatus was used. The ICP 
power was 475W, the bias power was 300 W, the pressure was 
5.5 Pa, and the etching gases included CHF with a flow rate 
of 50 sccm and helium with a flow rate of 100 sccm. Plasma 
was generated under this condition. Then, etching treatment 
was performed with the use of CHF, with a flow rate of 7.5 
sccm and helium with a flow rate of 142.5 sccm as the etching 
gases. After that, the resist mask was removed. 

Next, a conductive layer was formed over the insulating 
layer. Here, an ITO film containing silicon oxide with a thick 
ness of 50 nm was formed as the conductive layer by a 
sputtering method. 
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Next, a resist was applied to the conductive layer and then 

exposed to light using a fifth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the conductive layer was etched by dry etching, 
thereby forming a pixel electrode layer 135. Next, after 
removing the resist mask, the ITO film containing silicon 
oxide was baked by heating at 250° C. for one hour. 

Through the above process, the thin film transistor and the 
pixel electrode connected to the thin film transistor were 
manufactured. 
An image of a cross section of the thin film transistor which 

was observed by STEM is shown in FIG. 35A. FIG.35B is a 
Schematic view of FIG. 35A. 

In FIG.35B, the silicon nitride layer and the silicon oxyni 
tride layer each of which was formed as the gate insulating 
layer 107 are denoted by SiN and SiON, respectively. In 
addition, the semiconductor layer 115 is indicated by Luc-Si 
and the buffer layer 131 is indicated by buffer layer. Further, 
the source and drain regions 129 are indicated by na-Si and 
the wiring layer 123 is indicated by Mo. 
As shown in FIGS. 35A and 35B, in the buffer layer 131, 

conical or pyramidal crystal regions are formed. In addition, 
it is found that crystal regions which extend from the semi 
conductor layer 115 to the buffer layer in regular conical or 
pyramidal shapes are formed. This condition is also 
expressed as “the interface between the amorphous structure 
and the crystal regions in the buffer layer 131 is uneven'. 

Example 2 

In Example 2, electric characteristics of a thin film transis 
tor which is manufactured in accordance with Embodiment 6 
are described. 

First, a manufacturing process of the thin film transistor 
will be described with reference to FIGS. 15A to 15C and 
16A to 16C. 
A gate electrode layer 103 was formed over a substrate 101. 
Here, as the substrate 101, a glass substrate with a thickness 

of 0.7 mm (EAGLE2000, manufactured by Corning, Inc.) 
was used. 

In a manner similar to that of Example 1, a molybdenum 
layer with a thickness of 150 nm was formed over the sub 
strate. Next, after a resist was applied to the molybdenum 
layer, the resist was exposed to light with the use of a first 
photomask and developed, thereby forming a resist mask. 

Next, in a manner similar to that of Example 1, the molyb 
denum layer was etched using the resist mask, thereby form 
ing the gate electrode layer 103. After that, the resist mask 
was removed. 

Then, over the gate electrode layer 103 and the substrate 
101, a gate insulating layer 107, a semiconductor layer 109, a 
buffer layer 111 and an impurity semiconductor layer 113 
were formed successively (FIG. 15A). 

Here, as the gate insulating layer 107, a silicon nitride layer 
and a silicon oxide layer were stacked. First, a silicon nitride 
layer with a thickness of 110 nm was formed by a plasma 
CVD method under a condition similar to that of Example 1. 
Next, a silicon oxide layer with a thickness of 110 nm was 
formed by a plasma CVD method. The deposition condition 
at this time was as follows: the Source gases including tetra 
ethyl orthosilicate (TEOS) with a flow rate of 15 sccm and O. 
with a flow rate of 750 sccm were introduced and stabilized, 
the pressure in the treatment chamber was 100 Pa, the tem 
perature of an upper electrode was 300°C., the temperature of 
a lower electrode was 2.97°C., the RF power source frequency 
was 27 MHz, and the power of the RF power source was 300 
W; plasma discharge was performed under this condition. 
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Next, as the semiconductor layer 109, a microcrystalline 
silicon layer with a thickness of 5 nm was formed over the 
gate insulating layer 107 under a condition similar to that of 
Example 1. 

Next, as the buffer layer 111, a silicon layer including 
crystal regions in an amorphous structure with a thickness of 
75 nm was formed over the semiconductor layer 109 under a 
condition similar to that of Example 1. 

Next, as the impurity semiconductor layer 113, an amor 
phous silicon layer to which phosphorus was added with a 
thickness of 50 nm was formed over the buffer layer 111 
under a condition similar to that of Example 1. 

Next, a resist was applied to the impurity semiconductor 
layer 113, and then exposed to light using a second photo 
mask and developed, thereby forming a resist mask. Next, 
with the use of the resist mask, the semiconductor layer 109, 
the buffer layer 117, and the impurity semiconductor layer 
113 were etched, whereby a semiconductor layer 115, a 
buffer layer 117, and an impurity semiconductor layer 119 
were formed (FIG. 15B). Here, an etching condition similar 
to that of Example 1 was used. 

Next, as illustrated in FIG.15C, a conductive layer 121 was 
formed so as to cover the gate insulating layer 107, the semi 
conductor layer 115, the buffer layer 117, and the impurity 
semiconductor layer 119. Here, a molybdenum layer with a 
thickness of 300 nm was formed under a condition similar to 
that of Example 1. 

Next, a resist was applied to the conductive layer 121 and 
then exposed to light using a third photomask and developed 
thereby forming a resist mask. With the use of the resist mask, 
the conductive layer 121 was etched by wet etching, thereby 
forming wiring layers 123 and 125 as illustrated in FIG.16A. 
Note that the planar shape of each of the wiring layers 123 and 
125 was linear in this example. 

Next, with the use of the resist mask, the impurity semi 
conductor layer 119 was etched, so that source and drain 
regions 129 were formed. In this process, part of the surface 
of the buffer layer 117 was also etched, so that a buffer layer 
131 was obtained (FIG. 16B). Here, an etching condition 
similar to that of Example 1 was used. The thickness of the 
buffer layer 131 at this time was 40 nm. 

Then, the surfaces of the buffer layer 131, and the source 
and drain regions 129 were irradiated with carbon fluoride 
plasma, whereby an impurity remaining on the buffer layer 
131 was removed. Here, an ICP etching apparatus was used, 
and the etching condition was as follows: the Source power 
was 1000 W, the pressure was 0.67 Pa, the etching gas was 
carbon fluoride with a flow rate of 100 sccm, and the etching 
time was 30 seconds. 

Next, the surfaces of the buffer layer 131 and the source and 
drain regions 129 were irradiated with water plasma. Here, an 
ICP etching apparatus was used, and the condition was set as 
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follows: the power of the power source was 1800 W, the 
pressure was 66.5 Pa, and plasma was generated in an atmo 
sphere containing water vapor with a flow rate of 300 sccm, 
and the surfaces were irradiated with the plasma for 180 
seconds. After that, the resist was removed. 

Next, as an insulating layer 133, a silicon nitride layer was 
formed. Here, under the condition similar to that of Example 
1, a silicon nitride layer with a thickness of 300 nm was 
formed. 

Next, a resist was applied to the insulating layer and then 
exposed to light using a fourth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the insulating layer was etched by dry etching, so that 
the wiring layer 125 was exposed. In addition, part of the 
insulating layer and part of the gate insulating layer 107 were 
etched by dry etching, so that the gate electrode layer 103 was 
exposed. Here, the etching condition similar to that of 
Example 1 was used. After that, the remaining resist mask 
was removed. 

Through the above-described steps, the thin film transistor 
was manufactured. 

After that, electric characteristics of the thin film transistor 
were measured and FIGS. 36A and 36B show the results. At 
this time, measurement was performed by increasing the gate 
voltage in increments of 0.25 V. In addition, the temperature 
at the time of measurement was room temperature. Note that 
the thin film transistor of this example was formed so as to 
have a channellength of 3.4 um and a channel width of 20um. 
The channel width W was the width of the gate electrode here. 
The width of the semiconductor layer 115 was 22um. Further, 
field-effect mobility was calculated under the condition that 
the thickness of the gate insulating layer of the thin film 
transistor was the sum of 110 nm of the silicon nitride layer 
(permittivity: 7) and 110 nm of the silicon oxide layer (per 
mittivity; 4.1). Current vs. Voltage characteristics of when the 
drain Voltage was 1 V and current vs. Voltage characteristics 
of when the drain voltage was 10 V are represented by solid 
lines. In addition, field-effect mobility of when the drain 
voltage was 1 V is represented by a dashed line in FIG. 36A, 
and field-effect mobility of when the drain voltage was 10 V 
is represented by a dashed line in FIG. 36B. 

Table 1 shows the measurement results of the following 
items. Here, average values obtained by performing measure 
ment on 16 thin film transistors are shown. 

On-current (Ion) (drain voltage: 10 V, gate voltage: 15 V) 
Minimum off-current (Ioff min) (drain voltage: 10 V) 
Off-current (Ioff) (drain voltage: 10 V, gate voltage: (gate 

voltage at minimum off-current-10) V) 
On/Off ratio 
Threshold Voltage (Vth) (drain voltage: 10 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

1 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

10 V) 
TABLE 1. 

IFE max 
cm2/V's 
(Vd = 1 V) 

IFE max 
cm2/V's 
(Vd = 10 V) 

On Off 
ratio 

Ioff min 
A Ioff A Vth (V) 

4.2E-11 7.3E-10 S.6 2.39 O.24 1.02 O45 
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As described above, when a silicon oxide layer formed 
using TEOS is used as the gate insulating layer, a microcrys 
talline silicon layer is used as the semiconductor layer, and a 
silicon layer including crystal regions in an amorphous struc 
ture is used as the buffer layer, a thin film transistor with high 
field-effect mobility can be manufactured. 

Comparative Example 

Here, as a comparative example, electric characteristics of 
a thin film transistor which does not include a buffer layer and 
includes a microcrystalline silicon layer as a channel forma 
tion layer will be described. 

First, a manufacturing process of the thin film transistor 
will be described with reference to FIGS. 15A to 15C and 
16A to 16C. A gate electrode layer 103 was formed under a 
condition similar to that of Example 1. 
As a gate insulating layer 107, a silicon nitride layer and a 

silicon oxide layer were stacked under a condition similar to 
that of Example 1. 

Then, after the substrate was carried out of a treatment 
chamber of a CVD apparatus to a waiting chamber, the inside 
of the treatment chamber was cleaned with nitrogen fluoride. 
Next, an amorphous silicon layer was formed in the treatment 
chamber. The deposition condition at this time was as fol 
lows: as for the source gas, the flow rate of SiHa was 300 
sccm, the pressure in the treatment chamber was 160 Pa, the 
temperature of the treatment chamber was 280° C., the RF 
power source frequency was 13.56MHz, and the power of the 
RF power source was 120 W: plasma discharge was per 
formed under this condition. 

Next, the substrate was carried into the treatment chamber. 
Then, as a semiconductor layer 109, a microcrystalline sili 
con layer with a thickness of 80 nm was formed over the gate 
insulating layer under a condition similar to that of Example 
1. 

Next, as an impurity semiconductor layer 113 over the 
semiconductor layer, a microcrystalline silicon layer to which 
phosphorus was added with a thickness of 50 nm was formed 
under a condition similar to that of Example 1 (FIG. 15A, 
except the buffer layer 111). The deposition condition at this 
time was as follows: as for the source gases, the flow rate of 
SiH was 10 sccm, the flow rate of 0.5 vol%PH (diluted with 
H) was 30 sccm, and the flow rate of H was 1500 sccm, the 
pressure in the treatment chamber was 280 Pa, the tempera 
ture of the substrate was 280° C., the RF power source fre 
quency was 13.56 MHz, and the power of the RF power 
source was 300 W: plasma discharge was performed under 
this condition. 

Next, a resist was applied to the impurity semiconductor 
layer, and then exposed to light using a second photomask and 
developed, thereby forming a resist mask. Next, with the use 
of the resist mask, the semiconductor layer and the impurity 
semiconductor layer were etched, whereby a semiconductor 
layer 115 and an impurity semiconductor layer 119 were 
formed (FIG. 15B, except the buffer layer 117). Here, an 
etching condition similar to that of Example 1 was used. 

Next, a conductive layer was formed so as to cover the gate 
insulating layer, the semiconductor layer and the impurity 
semiconductor layer (FIG.15C, except the buffer layer 117). 
Here, a molybdenum layer with a thickness of 300 nm was 
formed under a condition similar to that of Example 1. 

Next, a resist was applied to the conductive layer and then 
exposed to light using a third photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
the conductive layer was etched by wet etching, thereby form 
ing wiring layers 123 and 125 (FIG. 16A, except the buffer 
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layer 117). Note that the planar shape of each of the wiring 
layers 123 and 125 was linear in this example. 

Next, with the use of the resist mask, the impurity semi 
conductor layer 119 was etched, so that source and drain 
regions 129 were formed. In this process, part of the surface 
of the semiconductor layer 109 was also etched (FIG. 16B, 
except the buffer layer 131). Here, an etching condition simi 
lar to that of Example 1 was used. 

Then, the exposed surfaces of the semiconductor layer and 
the source and drain regions 129 were irradiated with carbon 
fluoride plasma as in Example 1, whereby an impurity 
remaining on the exposed semiconductor layer was removed. 

Next, the exposed surfaces of the semiconductor layer and 
the source and drain regions 129 were irradiated with water 
plasma. 

Next, a silicon nitride layer was formed as in Example 1. 
Next, a resist was applied to the insulating layer and then 

exposed to light using a fourth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the insulating layer was etched by dry etching, so that 
the wiring layer 125 was exposed. In addition, part of the 
insulating layer and part of the gate insulating layer 107 were 
etched by dry etching, so that the gate electrode layer 103 was 
exposed. Here, an etching condition similar to that of 
Example 1 was used. After that, the remaining resist mask 
was removed. 

Through the above-described steps, the thin film transistor 
was manufactured. 

After that, electric characteristics of the thin film transistor 
were measured and FIGS. 46A and 46B show the results. At 
this time, measurement was performed by increasing the gate 
voltage in increments of 0.25 V. In addition, the temperature 
at the time of measurement was room temperature. Note that 
the thin film transistor of this example was formed so as to 
have a channellength of 3.4 um and a channel width of 24 um. 
The channel width W was the width of the gate electrode here. 
The width of the semiconductor layer 115 was 26 um. Further, 
field-effect mobility was calculated under the condition that 
the thickness of the gate insulating layer of the thin film 
transistor was the sum of 110 nm of the silicon nitride layer 
(permittivity: 7) and 110 nm of the silicon oxide layer (per 
mittivity: 4.1). Current vs. Voltage characteristics of when the 
drain Voltage was 1 V and current vs. Voltage characteristics 
of when the drain voltage was 10 V are represented by solid 
lines. Specifically, field-effect mobility of when the drain 
voltage was 1 V is represented by a dashed line in FIG. 46A, 
and field-effect mobility of when the drain voltage was 10 V 
is represented by a dashed line in FIG. 46B. 

Table 2 shows the measurement results of the following 
items. Here, average values obtained by performing measure 
ment on 16 thin film transistors are shown. 

On-current (Ion) (drain voltage: 10 V, gate voltage: 15 V) 
Minimum off-current (Ioff min) (drain voltage: 10 V) 
Off-current (Ioff) (drain voltage: 10 V, gate voltage: (gate 

voltage at minimum off-current-10) V) 
On/Off ratio 

Threshold Voltage (Vth) (drain voltage: 10 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

1 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

10 V) 
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TABLE 2 

IFE max 
Ioff min On Off cm2/V's 

Ion A A Ioff A ratio Vth (V) (Vd = 1 V) 

1.03E-OS 4.O8E-09 225E-07 3.43 1510.66 O.77 

As described above, when a silicon oxide layer formed 
using TEOS is used as the gate insulating layer, a microcrys 
talline silicon layer is used as the semiconductor layer, and a 
silicon layer including crystal regions in an amorphous struc 
ture is used as the buffer layer, a thin film transistor with high 
field-effect mobility can be manufactured. In addition, as 
compared to the thin film transistor of the comparative 
example, by providing the silicon layer including crystal 
regions in an amorphous structure as the buffer layer as 
described in this example, off-current can be reduced. That is, 
a thin film transistor with a high on/offratio can be manufac 
tured. 

Next, FIGS. 37A and 37B3 show results of bias tempera 
ture (BT) test performed on the thin film transistor manufac 
tured in this example. 

First, initial characteristics of the thin film transistor were 
measured and then the BT test was performed on the thin film 
transistor, and deterioration of the characteristics was exam 
ined. At this time, measurement was performed by increasing 
the gate voltage in increments of 0.25 V. In addition, the 
temperature at the time of measurement was room tempera 
ture. Here, AVth is a value obtained by subtracting the thresh 
old voltage at the initial characteristics from the threshold 
voltage after the BT test. 
The stress condition of the BT test under which the mea 

Surement results shown in FIGS. 37A and 37B were obtained 
was as follows: the temperature of the substrate was 85°C., 
the drain voltage VD was 0.1V, the source voltage VS was 0 
V, and the gate voltage VG was +30V. In addition, in the thin 
film transistor which was a target to be measured, the 
designed value of the channel length L was 10 Lim and the 
designed value of the channel width W was 20 um. Note that 
the channel width W was the width of the gate electrode here. 
In addition, the width of the semiconductor layer 115 was 22 
um. Further, the thickness of the gate insulating layer of the 
thin film transistor was the sum of 110 nm of the silicon 
nitride layer (permittivity: 7) and 110 nm of the silicon oxide 
layer (permittivity: 4.1). 

FIG. 37A shows AVth of the thin film transistor manufac 
tured in this example. FIG. 37B shows AVth of a thin film 
transistor including an amorphous silicon layer with a thick 
ness of 70 nm, instead of the semiconductor layer and the 
buffer layer of the thin film transistor in this example. In 
accordance with the BT test results, an approximate line of 
values of AVth up to a value after 10,000 seconds is repre 
sented by a dashed line. 
As shown in FIG. 37A, according to the approximate line 

represented by the dashed line, it is anticipated that AVth after 
1,000 seconds is +0.43 V and AVth after 10 years is +7.3 V. 
Further, as shown in FIG.37B, according to the approximate 
line represented by the dashed line, it is anticipated that AVth 
after 1,000 seconds is +2.3 V and AVth after 10 years is +567 
V. 

According to FIGS.37A and 37B, the shift of the threshold 
voltage of the thin film transistor described in this example is 
Smaller than that of an inverted Staggered thin film transistor 
including an amorphous silicon layer in a channel formation 
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1.36 

region. Accordingly, in accordance with this example, a 
highly reliable thin film transistor can be manufactured. 

Example 3 

In Example 3, electric characteristics of a thin film transis 
tor which is manufactured in accordance with Embodiment 6 
are described. 

First, a manufacturing process of the thin film transistor 
will be described with reference to FIGS. 15A to 15C and 
16A to 16C. 
A gate electrode layer 103 was formed over a substrate 101. 
Here, as the substrate 101, a glass substrate with a thickness 

of 0.7 mm (EAGLE2000, manufactured by Corning, Inc.) 
was used. 

In a manner similar to that of Example 1, a molybdenum 
layer with a thickness of 150 nm was formed over the sub 
strate. Next, after a resist was applied to the molybdenum 
layer, the resist was exposed to light with the use of a first 
photomask and developed, thereby forming a resist mask. 

Next, in a manner similar to that of Example 1, the molyb 
denum layer was etched using the resist mask, thereby form 
ing the gate electrode layer 103. After that, the resist mask 
was removed. 

Then, over the gate electrode layer 103 and the substrate 
101, a gate insulating layer 107, a semiconductor layer 109, a 
buffer layer 111 and an impurity semiconductor layer 113 
were formed successively (FIG. 15A). 

Here, as the gate insulating layer 107, a silicon nitride layer 
and a silicon oxide layer were stacked in a manner similar to 
that of Example 2. 

Next, as the semiconductor layer 109, a microcrystalline 
silicon layer with a thickness of 7 nm was formed over the 
gate insulating layer 107. The deposition condition at this 
time was as follows: as for the source gases, the flow rate of 
SiH was 10 sccm, the flow rate of H was 1500 sccm, and the 
flow rate of Ar was 2000 sccm, the pressure in the treatment 
chamber was 280 Pa, the temperature of the substrate was 
280°C., the RF power source frequency was 13.56MHz, and 
the power of the RF power source was 50 W: plasma dis 
charge was performed under this condition. 

Next, as the buffer layer 111, a silicon layer including 
crystal regions in an amorphous structure with a thickness of 
175 nm was formed over the semiconductor layer 109. The 
deposition condition at this time was as follows: as for the 
source gases, the flow rate of SiH was 30 sccm, the flow rate 
of H was 1475 sccm, and the flow rate of 1000 ppm NH 
(diluted with hydrogen) was 25 sccm, the pressure in the 
treatment chamber was 280 Pa, the temperature of the sub 
strate was 280°C., the power of the RF power source was 50 
W; plasma discharge was performed under this condition. 

Next, as the impurity semiconductor layer 113, an amor 
phous silicon layer to which phosphorus was added with a 
thickness of 50 nm was formed over the buffer layer 111 
under a condition similar to that of Example 1. 

Next, a resist was applied to the impurity semiconductor 
layer 113, and then exposed to light using a second photo 
mask and developed, thereby forming a resist mask. Next, 
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with the use of the resist mask, the semiconductor layer 109, 
the buffer layer 111, and the impurity semiconductor layer 
113 were etched, whereby a semiconductor layer 115, a 
buffer layer 117, and an impurity semiconductor layer 119 
were formed (FIG.15B). Here, an ICP etching apparatus was 5 
used, and the etching condition was as follows: the ICP power 
was 1000 W, the bias power was 80 W, the pressure was 1.51 
Pa, the etching gas was chlorine with a flow rate of 100 sccm, 
and the etching time was 78 seconds. After that, the resist 
mask was removed. 

Next, as illustrated in FIG.15C, a conductive layer 121 was 
formed so as to cover the gate insulating layer 107, the semi 
conductor layer 115, the butter layer 117, and the impurity 
semiconductor layer 119. Here, a molybdenum layer with a 
thickness of 300 nm was formed under a condition similar to 
that of Example 1. 

Next, a resist was applied to the conductive layer 121 and 
then exposed to light using a third photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
the conductive layer 121 was etched by wet etching, thereby 
forming wiring layers 123 and 125 as illustrated in FIG.16A. 
Note that the planar shape of each of the wiring layers 123 and 
125 was linear in this example. 

Next, with the use of the resist mask, the impurity semi 
conductor layer 119 was etched, so that source and drain 
regions 129 were formed. In this process, part of the surface 
of the buffer layer 117 was also etched, so that a buffer layer 
131 was obtained (FIG.16B). Here, an ICP etching apparatus 
was used, and the etching condition was as follows: the ICP 
power was 1000 W, the bias power was 50 W, the pressure was 
1.5 Pa, the etching gas was chlorine with a flow rate of 100 
sccm, and the etching time was 35 seconds. The thickness of 
the buffer layer 131 at this time was 165 nm. After that, the 
resist mask was removed. 

Then, the surfaces of the buffer layer 131, and the source 35 
and drain regions 129 were irradiated with carbon fluoride 
plasma, whereby an impurity remaining on the buffer layer 
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131 was removed. Here, an ICP etching apparatus was used, 
and the etching condition was as follows: the Source power 
was 1000 W, the bias power was 0 W, the pressure was 0.67 
Pa, the etching gas was carbon fluoride with a flow rate of 100 
sccm, and the etching time was 30 seconds. 

Next, the surfaces of the buffer layer 131 and the source and 
drain regions 129 were irradiated with water plasma. The 
power of the power source was 1800W, the pressure was 66.5 
Pa, and plasma was generated in an atmosphere containing 
water vapor with a flow rate of 300 scam, and the surfaces 
were irradiated with the plasma for 180 seconds. After that, 
the remaining resist mask was removed. 

Next, as an insulating layer 133, a silicon nitride layer was 
formed. Here, under a condition similar to that of Example 1, 
a silicon nitride layer with a thickness of 300 nm was formed. 

Next, a resist is applied to the insulating layer and then 
exposed to light using a fourth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the insulating layer was etched by dry etching, so that 
the wiring layer 125 was exposed. In addition, part of the 
insulating layer and part of the gale insulating layer 107 were 
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etched by dry etching, so that the gate electrode layer 103 was 
exposed. Here, an etching condition similar to that of 
Example 1 was used. After that, the resist mask was removed. 
Through the above-described steps, the thin film transistor 

was manufactured. 
After that, electric characteristics of the thin film transistor 

were measured and FIGS. 38A and 38B show the results. 
Note that the thin film transistor of this example was manu 
factured to have a channel length L of 4 um and a channel 
width W of 20 Lum. In practice, the channel length L was 3.53 
um and the channel width W was 20m. The channel width W 
was the width of the gate electrode here. The width of the 
semiconductor layer 115 was 22 um. Further, field-effect 
mobility was calculated under the condition that the thickness 
of the gate insulating layer of the thin film transistor was the 
sum of 110 nm of the silicon nitride layer (permittivity: 7) and 
110 nm of the silicon oxide layer (permittivity; 4.1). Current 
vs. Voltage characteristics of when the drain Voltage was 1 V 
and current vs. Voltage characteristics of when the drain Volt 
age was 10 V are represented by solid lines. Field-effect 
mobility of when the drain voltage was 1 V is represented by 
a dashed line in FIG. 38A, and field-effect mobility of when 
the drain voltage was 10V is represented by a dashed line in 
FIG.38B. 

Table 3 shows the measurement results of the following 
items. Here, average values obtained by performing measure 
ment on 16 thin film transistors are shown. 

On-current (Ion) (drain voltage: 10 V, gate voltage: 15 V) 
Minimum off-current (Ioff min) (drain voltage: 10 V) 
Off-current (Ioff) (drain voltage: 10 V, gate voltage: (gate 

voltage at minimum off-current-10) V) 
On/Off ratio 
Threshold Voltage (Vth) (drain voltage: 10 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

1 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

10 V) 
TABLE 3 

IFE max IFE max 
Ioff min On Off cm2/V S cm2/V's 
A IoffA ratio Vth (V) (Vd = 1 V) (Vd = 10 V) 

6.4E-13 54E-12 7.1 2.45 0.28 O.S9 O.71 

From the above results, by increasing the thickness of the 
buffer layer 131 as compared to Example 2, off-current of 
when the drain voltage is 10 V can be reduced. In addition, 
according to the graphs, it is found that the drain current is 
drastically increased around the threshold Voltage and that 
variation in electric characteristics of the thin film transistoris 
reduced. 

Example 4 

FIG. 39 shows a cross-sectional TEM image obtained by 
performing ion milling to a stacked structure which includes 
a silicon oxide layer, a microcrystalline silicon layer, and a 
silicon layer including crystal regions in an amorphous struc 
ture. A silicon oxide layer 401 with a thickness of 100 nm was 
formed over a glass Substrate, a microcrystalline silicon layer 
402 with a thickness of 5 nm was formed over the silicon 
oxide layer 401, a buffer layer 403 with a thickness of 145 nm. 
was formed over the microcrystalline silicon layer 402, and 
an amorphous silicon layer 404 with a thickness of 100 nm 
was formed over the buffer layer 403. Note that there is no 
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interface observed between the buffer layer 403 and the amor 
phous silicon layer 404. In addition, a protective layer 405 
was provided over the amorphous silicon layer 404. 

Here, the silicon oxide layer 401 was formed under a 
condition similar to that of the silicon oxide layer described in 
Example 2. 
The microcrystalline silicon layer 402 was formed under a 

condition similar that of the microcrystalline silicon layer 
described in Example 1. 
The deposition condition of the buffer layer 403 was as 

follows: as for the source gases, the flow rate of SiH was 30 
sccm, the flow rate of H, was 1475 sccm, and the flow rate of 
1000 ppm NH (diluted with hydrogen) was 25 sccm, the 
pressure in the treatment chamber was 280 Pa, the tempera 
ture of the substrate was 280° C., the RF power source fre 
quency was 13.56 MHz, and the power of the RE power 
source was 50 W, plasma discharge was performed under this 
condition. 
The deposition condition of the amorphous silicon layer 

404 was as follows: as for the source gases, the flow rate of 
SiH was 280 sccm and the flow rate of H was 300 sccm, the 
pressure in the treatment chamber was 170 Pa, the tempera 
ture of the substrate was 280° C., the RF power source fre 
quency was 13.56 MHz, and the power of the RF power 
source was 60W.; plasma discharge was performed under this 
condition. 

FIG. 40 is an enlarged view of a region 406 in FIG. 39. 
In FIG. 40, a number of lattice fringes having short-range 

order are observed on the silicon oxide layer 401. 
In FIG. 41A, enlarged images of the silicon oxide layer 

401, the microcrystalline silicon layer 402, and the buffer 
layer 403 in FIG. 40 are shown. FIG. 41B is an enlarged view 
of a portion around *6 in FIG. 41A, FIG. 41C is an enlarged 
view of a portion around 5 in FIG. 41A, FIG. 41D is an 
enlarged view of a portion around 4 in FIG. 41A, FIG. 41E 
is an enlarged view of a portion around 3 in FIG. 41A, FIG. 
41G is an enlarged view of a portion around * 1 and 2 in FIG. 
41A, and FIG. 41H is an enlarged view of a portion around 9 
in FIG. 41A. In, addition, FIG. 41F schematically shows the 
lattices fringes in FIG.41 E. According to FIGS. 41E, 41F, and 
41G the lattice fringes having short-range order are observed 
at * 1, *2, and *3. On the other hand, according to FIGS. 41B, 
41C, 41D, and 41H, the lattice fringes are not observed and an 
amorphous structure is formed at 4 to *6, and 9. 

Accordingly, it is found that crystal regions as denoted by 
* 1, 2, and 3 in FIG. 41A are provided in the amorphous 
structure as denoted by *4 to *6, and *9 in FIG. 41A. 

Next, FIG. 42 is an enlarged view of a portion around 7 in 
the buffer layer 403 shown in FIG. 39. According to FIG. 42, 
it is found that the lattice fringes are not observed and the 
amorphous structure is formed around 7. 

Example 5 

In Example 5, electric characteristics of a thin film transis 
tor which is manufactured in accordance with Embodiment 6 
are described. 

First, a manufacturing process of the thin film transistor 
will be described with reference to FIGS. 15A to 15C and 
16A to 16C. 
Agate electrode layer 103 was formed over a substrate 101. 
Here, as the substrate 101, a glass substrate with a thickness 

of 0.7 mm (EAGLE2000, manufactured by Corning, Inc.) 
was used. 

In a manner similar to that of Example 1, a molybdenum 
layer with a thickness of 150 nm was formed over the sub 
strate. Next, after a resist was applied to the molybdenum 
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layer, the resist was exposed to light with the use of a first 
photomask and developed, thereby forming a resist mask. 

Next, in a manner similar to that of Example 1, the molyb 
denum layer was etched using the resist mask, thereby form 
ing the gate electrode layer 103. After that, the resist mask 
was removed. 

Then, over the gate electrode layer 103 and the substrate 
101, a gate insulating layer 107, a semiconductor layer 109, a 
buffer layer 111 and an impurity semiconductor layer 113 
were formed successively (FIG. 15A). 

Here, as the gate insulating layer 107, a silicon nitride layer 
and a silicon oxide layer were stacked in a manner similar to 
that of Example 2. 

Next, as the semiconductor layer 109, a microcrystalline 
silicon layer with a thickness of 50 nm was formed over the 
gate insulating layer 107 under a condition similar to that of 
Example 3. 

Next, as the buffer layer 111, a silicon layer including 
crystal regions in an amorphous structure with a thickness of 
175 nm was formed over the semiconductor layer 109. The 
deposition condition at this time was as follows: as for the 
source gases, the flow rate of SiH was 40 sccm, the flow rate 
of H was 1475 sccm, and the flow rate of 1000 ppm NH 
(diluted with hydrogen) was 25 sccm, the pressure in the 
treatment chamber was 280 Pa, the temperature of the sub 
strate was 280°C., and the power of the RF power source was 
100 W: plasma discharge was performed under this condition. 

Next, as the impurity semiconductor layer 113, an amor 
phous silicon layer to which phosphorus was added with a 
thickness of 50 nm was formed over the buffer layer 111 
under a condition similar to that of Example 1. 

Next, a resist was applied to the impurity semiconductor 
layer 113, and then exposed to light using a second photo 
mask and developed, thereby forming a resist mask. Next, 
with the use of the resist mask, the semiconductor layer 109, 
the buffer layer 111, and the impurity semiconductor layer 
113 were etched, whereby a semiconductor layer 115, a 
buffer layer 117, and an impurity semiconductor layer 119 
were formed (FIG.15B). Here, an ICP etching apparatus was 
used, and the etching condition was as follows: the ICP power 
was 1000 W, the bias power was 80 W, the pressure was 1.51 
Pa, and the etching gas was chlorine with a flow rate of 100 
sccm. After that, the resist mask was removed. 

Next, as illustrated in FIG.15C, a conductive layer 121 was 
formed so as to cover the gate insulating layer 107, the semi 
conductor layer 115, the buffer layer 117, and the impurity 
semiconductor layer 119. Here, after a titanium layer with a 
thickness of 50 nm was formed by sputtering a titanium target 
with use of argon ions with a flow rate of 20 Scem, an alumi 
num layer with a thickness of 200 nm was formed by sput 
tering an aluminum target with use of argon ions with a flow 
rate of 50 sccm. Then, a titanium layer with a thickness of 50 
nm was formed by sputtering a titanium target with use of 
argon ions with a flow rate of 20 sccm. 

Next, a resist was applied to the conductive layer 121 and 
then exposed to light using a third photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
the conductive layer 121 and the impurity semiconductor 
layer 119 were etched by dry etching, thereby forming wiring 
layers 123 and 125 and source and drain regions 129. In this 
process, part of the surface of the buffer layer 117 was also 
etched, so that a buffer layer 131 was obtained (FIG. 16B). 
Note that the planar shape of each of the wiring layers 123 and 
125 was linear in this example. Here, an ICP etching appara 
tus was used, and the etching condition was as follows: the 
ICP power was 450 W, the bias power was 100 W, the pressure 
was 1.9 Pa, and the etching gases included boron chloride 
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with a flow rate of 60 sccm and chlorine with a flow rate of 20 
seem. The total thickness of the semiconductor layer 115 and 
the buffer layer 131 at this time was 205 nm. After that, the 
resist mask was removed. 

Then, the surfaces of the buffer layer 131, and the source 
and drain regions 129 were irradiated with carbon fluoride 
plasma, whereby an impurity remaining on the buffer layer 
131 was removed. Here, an ICP etching apparatus was used, 
and the etching condition was as follows: the Source power 
was 1000 W, the bias power was 0 W, the pressure was 0.67 
Pa, the etching gas was carbon fluoride with a flow rate of 100 
seem, and the etching time was 30 seconds. 

Next, as an insulating layer 133, a silicon nitride layer was 
formed. Here, under a condition similar to that of Example 1, 
a silicon nitride layer with a thickness of 300 nm was formed. 

Next, a resist is applied to the insulating layer and then 
exposed to light using a fourth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the insulating layer was etched by dry etching, so that 
the wiring layer 125 was exposed. In addition, part of the 
insulating layer and part of the gate insulating layer 107 were 
etched by dry etching, so that the gate electrode layer 103 was 
exposed. Here, an etching condition similar to that of 
Example 1 was used. After that, the resist mask was removed. 

Through the above-described steps, the thin film transistor 
was manufactured. 

After that, electric characteristics of the thin film transistor 
were measured and FIGS. 45A and 45B show the results. At 
this time, measurement was performed by increasing the gate 
voltage in increments of 0.25 V. In addition, the temperature 
at the time of measurement was room temperature. Note that 
the thin film transistor of this example was manufactured to 
have a channel length L of 4 um and a channel width W of 20 
um. The channel width was the width of the gate electrode 
here. The width of the semiconductor layer 115 was 22 um. 
Further, field-effect mobility was calculated under the condi 
tion that the thickness of the gate insulating layer of the thin 
film transistor was the sum of 110 nm of the silicon nitride 
layer (permittivity: 7) and 110 nm of the silicon oxide layer 
(permittivity; 4.1). Current vs. Voltage characteristics of 
when the drain Voltage was 1 V and current vs. Voltage char 
acteristics of when the drain voltage was 10 V are represented 
by solid lines. Field-effect mobility of when the drain voltage 
was 1 V is represented by a dashed line in FIG. 45A, and 
field-effect mobility of when the drain voltage was 10 V is 
represented by a dashed line in FIG. 45B. 

Table 4 shows the measurement results of the following 
items. Here, average values obtained by performing measure 
ment on 16 thin film transistors are shown. 

On-current (Ion) (drain voltage: 10 V, gate voltage: 15 V) 
Minimum off-current (Ioff min) (drain voltage: 10 V) 
Off-current (Ioff) (drain voltage: 10 V, gate voltage (gate 

voltage at minimum off-current-10) V) 
On/Off ratio 
Threshold Voltage (Vth) (drain voltage: 10 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

1 V) 
Maximum field-effect mobility (uFE max) (drain voltage: 

10 V) 
TABLE 4 

IFE max 
Ioff min On Off cm2/V's 

Ion A A Ioff A ratio Vth (V) (Vd = 1 V) 

7.3E-O6 6.1E-13 1.2E-12 7.15 2.01 - 0.12 0.37 
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As described above, by increasing the thickness of the 

semiconductor layer 115 as compared to Example 3, the 
amount of transfer of carriers is increased and on-current and 
field-effect mobility can be increased. In addition, since the 
thickness of the semiconductor layer 115 is increased and 
off-current is not increased even though on-current is 
increased as compared to Example 3, off-current can be 
reduced by using a silicon layer including crystal regions in 
an amorphous structure as a buffer layer. Further, by using a 
titanium layer as a wiring in contact with the impurity semi 
conductor layer, contact resistance is reduced as compared to 
Examples 2 and 3 in which the wiring is a molybdenum layer, 
whereby on-current and field-effect mobility can be 
increased. 

Example 6 

In Example 6, a relation between a buffer layer and off 
current of a thin film transistor will be described. In this 
example, a thin film transistor in which ammonia is used for 
Source gases of a buffer layer and a thin film transistor in 
which ammonia is not used for source gases of a buffer layer 
are compared. 

First, a manufacturing process of the thin film transistor 
will be described with reference to FIGS. 15A to 15C and 
16A to 16C. Note that Sample 1 and Sample 2 are different 
only in deposition condition of the buffer layer and other 
conditions are the same. 
A gate electrode layer 103 was formed over a substrate 101. 
In a manner similar to that of Example 1, a molybdenum 

layer with a thickness of 150 nm was formed over the sub 
strate. Then, a resist was applied to the molybdenum layer and 
exposed to light with the use of a first photomask and devel 
oped, thereby forming a resist mask. 

Next, in a manner similar to that of Example 1, the molyb 
denum layer was etched using the resist mask, thereby form 
ing the gate electrode layer 103. After that, the resist mask 
was removed. 

Then, over the gate electrode layer 103 and the substrate 
101, a gate insulating layer 107, a semiconductor layer 109, a 
buffer layer 111, and an impurity semiconductor layer 113 
were formed successively (FIG. 15A). 

Here, as the gate insulating layer 107, a silicon nitride layer 
and a silicon oxide layer were stacked in a manner similar to 
that of Example 2. 

Next, as the semiconductor layer 109, a microcrystalline 
silicon layer with a thickness of 10 nm was formed over the 
gate insulating layer 107 under a condition similar to that of 
Example 3. 

Next, as the buffer layer 111, a buffer layer with a thickness 
of 175 nm was formed over the semiconductor layer 109. 

In Sample 1, the buffer layer was formed using source 
gases containing ammonia. The deposition condition at this 
time was as follows: as for the source gases, the flow rate of 
SiH was 40 sccm, the flow rate ofH, was 1475 sccm, the flow 
rate of 1000 ppm NH (diluted with hydrogen) was 25 sccm, 
and the flow rate of Ar was 2000 sccm, the pressure in the 
treatment chamber was 280 Pa, the temperature of the sub 
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strate was 280°C., and the power of the RF power source was 
100 W: plasma discharge was performed under this condition. 

In Sample 2, the buffer layer was formed using source 
gases which do not contain ammonia. The deposition condi 
tion at this time was as follows: as for the source gases, the 
flow rate of SiH was 40 sccm, the flow rate of H was 1500 
sccm, and the flow rate of Ar was 2000 sccm, the pressure in 
the treatment chamber was 280 Pa, the temperature of the 
substrate was 280°C., and the power of the RF power source 
was 100 W: plasma discharge was performed under this con 
dition. That is, in this condition, ammonia was omitted from 
the source gases of Sample 1. 

Next, as the impurity semiconductor layer 113, an amor 
phous silicon layer to which phosphorus was added with a 
thickness of 50 nm was formed over the buffer layer 111 
under a condition similar to that of Example 1. 

Next, a resist was applied to the impurity semiconductor 
layer 113, and then exposed to light using a second photo 
mask and developed, thereby forming a resist mask. Next, 
with the use of the resist mask, the semiconductor layer 109, 
the buffer layer 111, and the impurity semiconductor layer 
113 were etched, whereby a semiconductor layer 115, a 
buffer layer 117, and an impurity semiconductor layer 119 
were formed (FIG. 15B). Here, a condition similar to that of 
Example 5 was used. After that, the resist mask was removed. 

Next, as illustrated in FIG.15C, a conductive layer 121 was 
formed so as to cover the gate insulating layer 107, the semi 
conductor layer 115, the buffer layer 117, and the impurity 
semiconductor layer 119. Here, a molybdenum layer with a 
thickness of 300 nm was formed under a condition similar to 
that of Example 1. 

Next, a resist was applied to the conductive layer 121 and 
then exposed to light using a third photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
the conductive layer 121 was etched by wet etching, thereby 
forming wiring layers 123 and 125 as illustrated in FIG.16A. 
Note that the planar shape of each of the wiring layers 123 and 
125 was linear in this example. 

Next, the impurity semiconductor layer 119 was etched 
with the use of the resist mask, whereby source and drain 
regions 129 were formed. In this step, part of the surface of the 
buffer layer 117 was also etched to be a buffer layer 131 (FIG. 
16B). Here, an etching condition similar to that of Example 1 
was used. The thickness of the buffer layer 131 at this time 
was 155 nm. After that, the resist mask was removed. 

Then, the surfaces of the buffer layer 131, and the source 
and drain regions 129 were irradiated with carbon fluoride 
plasma, whereby an impurity remaining on the buffer layer 
131 was removed. Here, an impurity remaining on the buffer 
layer was removed under a condition similar to that of 
Example 5. After that, the surfaces of the wiring layers 123 
and 125 and the buffer layer 131 were cleaned. 

Then, the surfaces of the buffer layer 131 and the source 
and drain regions 129 were irradiated with water plasma. 
Here, a condition similar to that of Example 2 was used. 

Next, as an insulating layer 133, a silicon nitride layer was 
formed (FIG.16C). Here, under a condition similar to that of 
Example 1, a silicon nitride layer with a thickness of 300 nm 
was formed. 

Next, a resist is applied to the insulating layer and then 
exposed to light using a fourth photomask and developed, 
thereby forming a resist mask. With the use of the resist mask, 
part of the insulating layer was etched by dry etching, so that 
the wiring layer 125 was exposed. In addition, part of the 
insulating layer and part of the gate insulating layer 107 were 
etched by dry etching, so that the gate electrode layer 103 was 
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exposed. Here, an etching condition similar to that of 
Example 1 was used. After that, the resist mask was removed. 
Through the above-described steps, the thin film transistors 

for Sample 1 and Sample 2 were manufactured. 
After that, electric characteristics of the thin film transis 

tors were measured and FIG. 47 shows the results. At this 
time, measurement was performed by increasing the gate 
voltage in increments of 0.25 V. In addition, the temperature 
at the time of measurement was room temperature. Note that 
each of the thin film transistors for Sample 1 and Sample 2 of 
this example was manufactured to have a channel length L of 
4 um and a channel width W of 20 um. The channel width was 
the width of the gate electrode here. The width of the semi 
conductor layer 111 was 22 um. The horizontal axis indicates 
drain Voltage and the vertical axis indicates drain current, and 
drain current (off current, here) of when drain voltage was 1 
to 30 V was measured, with the gate voltage at -5 V, 3110 V. 
and -15 V. 

In FIG. 47, a solid line 471 indicates off-current of the thin 
film transistor for Sample 1 in the case where the gate voltage 
is 5V, a solid line 473 indicates that in the case where the gate 
voltage is -10 V, and a solid line 475 indicates that in the case 
where the gate voltage is -15 V. In addition, a dashed line 477 
indicates off-current of the thin film transistor for Sample 2 in 
the case where the gate voltage is -5 V, a dashed line 479 
indicates that in the case where the gate Voltage is -10 V, and 
a dashed line 481 indicates that in the case where the gate 
voltage is -15 V. 

According to FIG. 47, when off-current of Sample 1 is 
compared with that of Sample 2 at the same gate Voltage, it is 
found that off-current is lower in Sample 1. That is, when a 
silicon layer including crystal regions in an amorphous struc 
ture, which is formed using ammonia for source gases and 
contains nitrogen, is used as a buffer layer, off-current is 
reduced. This is because defects in the buffer layer are 
reduced by using ammonia for the source gases of the buffer 
layer. 

Example 7 

In Example 7, a state of LUMO in the case where dangling 
bonds of Si at a crystal grain boundary are cross-linked with 
an NH group in the simulation described in Embodiment 1 
will be described. 

FIG. 5 illustrates a state of LUMO (lowest unoccupied 
molecular orbital) in a model (model 1) in which dangling 
bonds at a crystal grain boundary of Si are cross-linked with 
an O atom and FIG. 6 illustrates a state of LUMO in a model 
(model 2) in which dangling bonds at a crystal grainboundary 
of Si are cross-linked with an NH group. Here. LUMO is a 
molecular orbital with the lowest energy, which electrons in 
an excited State enter, and corresponds to an orbital of a 
bottom edge of a conduction band (CB) in a band theory. 
Therefore, LUMO can be interpreted as a wavefunction of an 
electron contributing to carrier transfer and an orbital which 
determines carrier mobility. 

Next, an atom and an orbital of the atom from which 
LUMO in each of the model 1 and the model 2 was derived 
were examined. A wave function of LUMO can be expressed 
as a linear combination (that is, the Sum of scalar multiples) of 
atomic orbitals of atoms included in the film. 

Note that existence probability of each of a Si atomic 
orbital, an H atomic orbital, an O atomic orbital, and an N 
atomic orbital can be obtained by the square of an absolute 
value of its respective factor in the linear combination and a 
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sign proves whether the atomic orbitals form a bonding 
orbital (the same sign) or an antibonding orbital (a different 
sign). 
FIG.43A is a schematic diagram of a main atomic orbital 

forming LUMO at the periphery of the crystal grainboundary 
in the model 1, and FIG. 43B is a schematic diagram of a main 
atomic orbital forming LUMO at the periphery of the crystal 
grain boundary in the model 2. Here, regions with different 
hatchings have opposite signs of the wave function. Here, S 
orbitals 452 and 456 of a Siatom, p orbitals 451,453,455, and 
457 of a Siatom, a 2s orbital 454 of an Oatom, a 2s orbital 458 
of an Natom, and a 1s orbital 459 of an Hatomare illustrated. 
As illustrated in FIG. 43A, in the case where dangling 

bonds at the crystal grainboundary of Siare cross-linked with 
the O atom, when the 2s orbital 454 of the O atom is focused, 
the phase of the 2s orbital 454 of the O atom is different from 
that of sp orbitals (3s orbital 452+3p orbital 453 and 3s 
orbital 456+3p orbital 455) of the Si atom which are on 
opposite sides of the crystal grain boundary. That is, the 2s 
orbital 454 of the O atom contributes to a bonding between 
atoms; however, the 2s orbital 454 of the O atom cannot 
connect electron clouds because of a narrow spread of the 
wave function. Therefore, it is considered that the 2s orbital 
454 of the O atom does not contribute to improvement in 
conductivity. 
On the other hand, as illustrated in FIG. 43B, in the case 

where dangling bonds at the crystal grain boundary of Si are 
cross-linked with the NH group, when the 2s orbital 458 of the 
Natom is focused, the phase of the 2s orbital 458 of the N 
atom is different from that of sp orbitals (the 3s orbital 
452+the 3p orbital 453 and the 3s orbital 456+the 3p orbital 
455) of the Siatom which are on opposite sides of the crystal 
grain boundary. That is, the 2s orbital 458 of the Natom 
cannot connect electron clouds. However, by mixing the 2s 
orbital 458 of the N atom with the 1s orbital 459 of the H 
atom, regions which have the same sign, that is, the sp 
orbitals (the 3s orbital 452+the 3p orbital 453) of the Siatom, 
the 1s orbital 459 of the Hatom, and the sporbitals of Si (the 
3s orbital 456+the 3p orbital 455) become bonding orbitals, 
whereby the electron clouds can be connected to each other. 
Accordingly, it is considered that the conductivity is 
improved. 
The aforementioned results can be interpreted as follows. 

That is, LUMO is an exited state (has high energy); therefore, 
in general, LUMO has an antibonding orbital for the atomic 
orbitals as illustrated in 44A. In the cross-link at the Si crystal 
grain boundary with the O atom in the model 1 illustrated in 
FIG. 43A or the cross-link at the Si crystal grain boundary 
with the NH group in the model 2 illustrated in FIG. 43B, the 
2s orbitals 454 and 458 of the O atom and the Natom have 
antibonding with (have phases opposite to) the sporbitals of 
the Siatom (the 3s orbital 452+the 3p orbital 453 and the 3s 
orbital 456+the 3p orbital 455). The antibonding orbital indi 
cates that a joint is formed between electron clouds. Accord 
ingly, in the case of the cross-link at the Si crystal grain 
boundary with the O atom in the model 1 illustrated in FIG. 
43A, the electron clouds are not connected to each other. 
Meanwhile, in the case of the cross-link at the Si crystal grain 
boundary with the NH group in the model 2 illustrated in FIG. 
43B, although the 2s orbital 458 of the Natom and the sp 
orbitals of Si (the 3s orbital 452+the 3p orbital 453 and the 3s 
orbital 456+the 3p orbital 455) form an antibonding orbital, 
the 1s orbital 459 of the Hatom and the sporbitals of Si (the 
3s orbital 452+the 3p orbital 453 and the3s orbital 456+the 3p 
orbital 455) can form a bonding orbital as illustrated in FIG. 
44B because of existence of the H atom. That is, the electron 
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clouds can be connected to each other with the NH group 
because of existence of the H atom. 

Note that although a CH2 group includes H, a molecular 
orbital to which an atomic orbital of a Catom oran Hatom in 
the CH group is bonded is a molecular orbital with higher 
energy and therefore the molecular orbital is not included in 
the atomic orbital which forms LUMO (lowest unoccupied 
molecular orbital). Thus, it is considered that even with a 
cross-link at the Si crystal grain boundary with the CH 
group, the electron clouds are not connected to each other. 

Accordingly, in LUMO of the Si crystal grain boundary 
where dangling bonds are cross-linked with the NH group, 
the sp orbitals of the Si atom on the opposite sides of the 
crystal grain boundary have phases which are opposite to the 
phase of the 2s orbital of the Natom and the same as the phase 
of the 1s orbital of the H atom. Thus, the 1 s orbital of the H 
atom functions as a bridge between the electron clouds. As a 
result, the electron clouds are connected to each other and 
thus a carrier path is formed. Further, it is estimated that, in 
order to connect the electron clouds at the Si crystal grain 
boundary, anatomic orbital in a cross-linking group is needed 
to have an atom forming LUMO (for example, an O atom in 
the O cross-link, or the Natom and the H atom in the NH 
group) and an atom which can have the same phase as the sp 
orbital of Si (for example, the H atom in the NH group). 

This application is based on Japanese Patent Application 
serial No. 2008-169286, 2009-046433, and 2009-129313 
filed with Japan Patent Office on Jun. 27, 2008, Feb. 27, 2009, 
and May 28, 2009, respectively, the entire contents of which 
are hereby incorporated by reference. 

EXPLANATION OF REFERENCE 

101: Substrate, 103: gate electrode layer, 105: capacitor wir 
ing, 107: gate insulating layer, 109: semiconductor layer, 
111: buffer layer, 113: impurity semiconductor layer, 115: 
semiconductor layer, 117: buffer layer, 118: microcrystal 
line semiconductor, 119: impurity semiconductor layer, 
121: conductive layer, 123: wiring layer, 125: wiring layer, 
127: capacitor electrode, 129: source region and drain 
region, 131: buffer layer, 132: semiconductor layer, 133: 
insulating layer, 134: opening, 135: pixel electrode layer, 
136: opening, 137: protrusion, 141: semiconductor layer, 
143: resist mask, 145: semiconductor layer, 147: impurity 
semiconductor layer, 149: conductive layer, 151: resist 
mask, 153: wiring layer, 155: wiring layer, 157: source 
region and drain region, 159: semiconductor layer, 171: 
region, 172: region, 173: region, 174: region, 180: gray 
tone mask, 181: substrate, 182: light-shielding portion, 
183: diffraction grating portion, 185: half-tone mask, 186: 
substrate, 187: semi-light-transmitting portion, 188: light 
shielding portion, 192: crystal grain boundary, 193: O 
atom, 194: NH group, 195: nitrogenatom, 196; wavefunc 
tion, 197: wave function, 198: wave function, 199: wave 
function, 201: pretreatment, 203: formation of SiN. 205: 
replacement of gases, 207: formation of SiON. 209: 
replacement of gases, 211: formation of semiconductor 
layer, 213: flush treatment, 215: replacement of gases, 217: 
formation of buffer layer, 219: replacement of gases, 221: 
formation of impurity semiconductor layer, 223: exhaust 
of gas, 225: unload, 227: cleaning treatment, 229: precoat 
ing treatment, 231: load, 233: precoating treatment, 234: 
dashed line, 241: treatment chamber, 242: stage, 243: gas 
supply portion, 244: shower plate, 245: exhaust port, 246: 
upper electrode, 247: lower electrode, 248: alternate-cur 
rent power source, 249: temperature control portion, 250: 
gas supply means, 251: exhaust means, 252: cylinder, 253: 
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pressure adjusting valve, 254: stop valve, 255: mass flow 
controller, 256: butterfly valve, 257: conductance valve, 
258: turbo molecular pump, 259: dry pump. 260: cry 
opump. 261: plasma CVD apparatus, 301: Substrate, 302: 
pixel portion, 303: signal line driver circuit, 304: scanning 
line driver circuit, 305: FPC, 306: protective circuit, 311: 
substrate, 312: pixel portion, 313: signal line driver circuit, 
314: scanning line driver circuit,315: FPC, 316: protective 
circuit, 321: substrate, 322: pixel portion, 324: scanning 
line driver circuit, 325: FPC, 326: protective circuit, 331: 
housing, 332: display panel, 333; main screen, 334: 
modem, 335: receiver, 336: remote control device, 337: 
display portion, 338; sub screen, 339: speaker portion, 341: 
cellular phone, 342: display portion, 343: operation por 
tion, 351: main body, 352: display portion, 361: lighting 
portion, 362: shade, 363: adjustable arm, 364: Support, 
365: base, 366: power source switch, 371: pixel portion, 
372: signal line driver circuit, 373: scanning line driver 
circuit,374: tuner, 375: video signal amplifiercircuit, 376: 
video signal processing circuit, 377: control circuit, 378: 
signal dividing circuit, 379: audio signal amplifier circuit, 
380: audio signal processing circuit, 381: control circuit, 
382; input portion, 383: speaker, 385: housing, 386: dis 
play portion, 387: speaker, 388: microphone, 389: opera 
tion key, 390: pointing device, 391: front camera lens, 392: 
jack for external connection terminal, 393: earphone ter 
minal,394: housing,395: keyboard,396: rear camera,398: 
light, 401: siliconoxide layer, 402: microcrystalline silicon 
layer, 403: buffer layer, 404: amorphous silicon layer, 405: 
protective layer, 406: region, 451: p. orbital, 452: s orbital, 
453: p orbital, 454: s orbital, 455: p orbital, 456: s orbital, 
457:p orbital, 458: s orbital, 459: s orbital, 471: solid line, 
473: Solid line, 475: solid line, 477: dashed line, 479: 
dashed line, 481: dashed line, 483: defect, 491: dashed line, 
493: narrow solid line, 495: wide solid line, 115a: needle 
like crystal, 115b: crystal grain boundary, 115c: amor 
phous structure, 115d: amorphous layer, 118a: microcrys 
talline semiconductor particle, 118b: microcrystalline 
semiconductor, 131a: crystal region, 131b: amorphous 
structure, 131c: minute crystal grain, 131d: crystal region, 
131e: crystal region, 131f: crystal region, 131g: structure, 
131h: crystal region, 131 i: crystal region, 131j: crystal 
region, 131k: crystal grain boundary, 132a: crystal region, 
132b: amorphous structure, 132c: minute crystal grain, 
132d: crystal region, 132e: crystal region, 132f: crystal 
region, 132g: structure, 132h: crystal region, 132i: semi 
conductor layer, 132i: semiconductor layer, 191a: Hatom, 
191b: hydrogen atom, 235a: dashed line, 235b: dashed 
line, 236a: dashed line, 236b: dashed line, 237a: dashed 
line, 237b: dashed line, 239c: solid line, 239d: dashed line 

The invention claimed is: 
1. A thin film transistor comprising: 
a gate electrode over a Substrate; 
a gate insulating layer over the gate electrode: 
a semiconductor layer on and in contact with the gate 

insulating layer and including a first region and a second 
region; 

a pair of impurity semiconductor layers forming a source 
region and a drain region each on and in contact with the 
semiconductor layer, 

wherein the first region is interposed between the second 
region and the gate insulating layer, 

wherein a microcrystalline semiconductor is formed in the 
first region of the semiconductor layer, 

wherein the second region includes a crystal region in an 
amorphous structure, and 
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wherein a degree of crystallinity of the first region is higher 

than a degree of crystallinity of the second region. 
2. The thin film transistor according to claim 1, wherein the 

second region includes a crystal grain having a diameter of 
greater than or equal to 1 nm and less than or equal to 10 nm. 

3. The thin film transistor according to claim 1, wherein the 
crystal region includes a conical or pyramidal crystal region. 

4. The thin film transistor according to claim 1, wherein the 
crystal region includes a conical or pyramidal crystal region, 
and wherein the second region includes a crystal grain having 
a diameter of greater than or equal to 1 nm and less than or 
equal to 10 nm. 

5. The thin film transistor according to claim3, wherein the 
conical or pyramidal crystal region is an inverted conical or 
pyramidal crystal region grown in a Substantially radial man 
ner from a lower surface side of the semiconductor layer to an 
upper Surface side of the semiconductor layer. 

6. The thin film transistor according to claim3, wherein the 
conical or pyramidal crystal region is a conical or pyramidal 
crystal region whose width is narrowed from a lower surface 
side of the semiconductor layer to an upper Surface side of the 
semiconductor layer. 

7. The thin film transistor according to claim 4, wherein the 
conical or pyramidal crystal region is an inverted conical or 
pyramidal crystal region grown in a Substantially radial man 
ner from a lower surface side of the semiconductor layer to an 
upper Surface side of the semiconductor layer. 

8. The thin film transistor according to claim 4, wherein the 
conical or pyramidal crystal region is a conical or pyramidal 
crystal region whose width is narrowed from a lower surface 
side of the semiconductor layer to an upper Surface side of the 
semiconductor layer. 

9. The thin film transistor according to claim 1, wherein the 
Substrate has an insulating Surface. 

10. The thin film transistor according to claim 1, wherein 
the semiconductor layer contains nitrogen. 

11. The thin film transistor according to claim 1, wherein 
the semiconductor layer contains an NH group or an NH 
group. 

12. A thin film transistor comprising: 
a gate electrode over a Substrate; 
a gate insulating layer over the gate electrode; 
a first semiconductor layer in contact with the gate insulat 

ing layer, 
a second semiconductor layer stacked over the first semi 

conductor layer; and 
a pair of impurity semiconductor layers forming a source 

region and a drain region each on and in contact with the 
second semiconductor layer, 

wherein the second semiconductor layer includes a crystal 
region in an amorphous structure, and 

wherein a degree of crystallinity of the first semiconductor 
layer is higher thana degree of crystallinity of the second 
semiconductor layer. 

13. The thin film transistor according to claim 12, wherein 
the second semiconductor layer includes a crystal grain hav 
ing a diameter of greater than or equal to 1 nm and less than 
or equal to 10 nm. 

14. The thin film transistor according to claim 12, wherein 
the crystal region has a conical or pyramidal shape. 

15. The thin film transistor according to claim 12, wherein 
the crystal region includes a conical or pyramidal crystal 
region, and wherein the second semiconductor layer includes 
a crystal grain having a diameter of greater than or equal to 1 
nm and less than or equal to 10 nm. 

16. The thin film transistor according to claim 14, wherein 
the conical or pyramidal crystal region is an inverted conical 
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or pyramidal crystal region grown in a Substantially radial 
manner from an interface between the first semiconductor 
layer and the second semiconductor layer in a deposition 
direction of the second semiconductor layer. 

17. The thin film transistor according to claim 14, wherein 
the conical or pyramidal crystal region is a conical or pyra 
midal crystal region which is in contact with the first semi 
conductor layer and whose width is narrowed from the first 
semiconductor layer toward the source region and the drain 
region. 

18. The thin film transistor according to claim 15, wherein 
the conical or pyramidal crystal region is an inverted conical 
or pyramidal crystal region grown in a Substantially radial 
manner from an interface between the first semiconductor 
layer and the second semiconductor layer in a deposition 
direction of the second semiconductor layer. 

19. The thin film transistor according to claim 15, wherein 
the conical or pyramidal crystal region is a conical or pyra 
midal crystal region which is in contact with the first semi 
conductor layer and whose width is narrowed from the first 
semiconductor layer toward the source region and the drain 
region. 

20. The thin film transistor according to claim 12, wherein 
the Substrate has an insulating Surface. 

21. The thin film transistor according to claim 12, wherein 
the second semiconductor layer contains nitrogen. 

22. The thin film transistor according to claim 12, wherein 
the second semiconductor layer contains an NH group or an 
NH group. 

23. The thin film transistor according to claim 12, wherein 
the first semiconductor layer comprises dispersed microcrys 
talline semiconductors or a net-like microcrystalline semi 
conductor. 

24. A thin film transistor comprising: 
a gate electrode over a Substrate; 
a gate insulating layer over the gate electrode: 
a first semiconductor layer in contact with the gate insulat 

ing layer, 
a second semiconductor layer stacked over the first semi 

conductor layer; 
a pair of impurity semiconductor layers forming a source 

region and a drain region on and in contact with the 
second semiconductor layer, 

wherein the second semiconductor layer includes a crystal 
region in an amorphous structure, 

wherein the first semiconductor layer and the second semi 
conductor layer each consist of crystalline semiconduc 
torportions and amorphous semiconductor portions, 

wherein, in the first semiconductor layer, a first volume 
occupied by the crystalline semiconductor portions is 
greater than a second Volume occupied by the amor 
phous semiconductor portions, and 

wherein, in the second semiconductor layer, a third Volume 
occupied by the amorphous semiconductor portions is 
greater than a fourth Volume occupied by the crystalline 
semiconductor portions. 
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25. The thin film transistor according to claim 24, wherein 

the crystal region is an inverted conical or pyramidal crystal 
region grown in a Substantially radial manner from an inter 
face between the gate insulating layer and the first semicon 
ductor layer in a deposition direction of the first semiconduc 
tor layer. 

26. The thin film transistor according to claim 24, wherein 
the crystal region includes a crystal grain having a diameter of 
greater than or equal to 1 nm and less than or equal to 10 nm. 

27. The thin film transistor according to claim 24, wherein 
the crystal region includes an inverted conical or pyramidal 
crystal region grown from an interface between the gate insu 
lating layer and the first semiconductor layer in a deposition 
direction of the first semiconductor layer, and wherein the 
first semiconductor layer includes a crystal grain having a 
diameter of greater than or equal to 1 nm andless than or equal 
to 10 nm. 

28. The thin film transistor according to claim 24, wherein 
the Substrate has an insulating Surface. 

29. The thin film transistor according to claim 24, wherein 
the first semiconductor layer contains nitrogen. 

30. The thin film transistor according to claim 24, wherein 
the first semiconductor layer contains an NH group or an NH 
group. 

31. The thin film transistor according to claim 24, wherein 
the amorphous structure is formed on the crystal region. 

32. The thin film transistor according to claim 24, wherein 
a plurality of inverted conical or pyramidal crystal regions are 
stacked in the crystal region. 

33. The thin film transistor according to claim 24, wherein 
the crystal region has a quadrangular shape each angle of 
which is not 90°. 

34. The thin film transistor according to claim 1, 
wherein the first region and the second region each consist 

of crystalline semiconductor portions and amorphous 
semiconductor portions, 

wherein, in the first region, a first volume occupied by the 
crystalline semiconductor portions is greater than a sec 
ond Volume occupied by the amorphous semiconductor 
portions, and 

wherein, in the second region, a third Volume occupied by 
the amorphous semiconductor portions is greater than a 
fourth Volume occupied by the crystalline semiconduc 
torportions. 

35. The thin film transistor according to claim 12, 
wherein the first semiconductor layer and the second semi 

conductor layer each consist of crystalline semiconduc 
torportions and amorphous semiconductor portions, 

wherein, in the first semiconductor layer, a first volume 
occupied by the crystalline semiconductor portions is 
greater than a second Volume occupied by the amor 
phous semiconductor portions. 

k k k k k 
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